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| ‘ATCHAFALAYA RIVERS | 


BY B. FB. SALIsBury,? . AM 


bs 
smaalaii operative at all stages, from the Mississippi River 
into the , Atchafalaya River, is discussed in this Paper. This continuous 


diversion decreases the volussé of the ‘Mississippi and increases that of the 


ties 


result. of this. diversion is. set forth ‘and provides ‘a meat 


For present purposes, a like volume ‘of water (bank- full stage) through 


various ‘years, and of this: Tike volume of water past the 


at on 


affected, as as ‘where 
to obtain comparative data and to Sian: ‘before 
of “the ordinary | causes: that influence the in height for the 


sa me volume of discharge. This analysis. shows: t at ot 


affec ted by. diversion operative. at call ‘stages, the same vol lume of water 


assing at the same elevation as in earlier years; @). that ‘the Mississippi 
River has conformed itself ‘to the hydraulic theory and “increased its slope 


as the v volume has been ‘diminished by diversion; ‘and, likewise | (8), the 


Atchafalaya River itself to ‘the hydraulic theory and flattened 


igh 
its volume has been inoregeed through diversion. 


River is its water 


oTE.—Discussion on, this ‘paper will be losed in February, 1936, Proceedings, 


hf. En A. R inden, L 
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about 290 mil all stages, namely, at 


‘Atchafalaya River. ‘The result of this is clearly reflected i in the 
data and should prove or disprove present theories and opinions. 

his. study of ‘sediment-bearing streams, ‘Guglielinini, an Italian engi- 

neer of the Seventeenth Century, advanced the hydraulic theory” that: 

greater” the “quantity “of “water stream~ -earries, the~ greater will be 
a its fall; (2) the greater the force of a stream, the less will be the ‘slope of its 


;.and (3), the slope of the bottom in rivers will diminish in the same 
cars 


Proportion in which the body of water ‘is increased, , and ‘vice i} 


bs 
a certain relocity cf current; and, on the other hand, that the 
mentary matter, contained in the river-water requires a certain degree of 

— velocity to keep it in suspension. . From the counteracting tendencies of the 

he above two causes, a mean becomes established at which the current ceases r.. 

~ deposit its sediment, and the bottom ceases to be abraded; in other words, 

bottom becomes permanent. But if, from any cause, such as throwing 

off a portion of the water ‘through a waste-weir, the velocity’ of the current 

_ is diminished, it is no longer. able to maintain its sediment in suspension, but 

‘will continue to deposit in its bed, until, through the elevation of the bed, its 
velocity again becomes, what it was before it was disturbed, sufficient to 


maintain its” sediment in ‘permanent suspension.’ to 


While. Mississippi River Commission, the late 


Tan ames: B. Eads, Am Soe. 0. E., clearly and ably expounded this: same 


theory. eq Ines a letter. to: the ‘Mississippi. River Commission” dated April 12, 


ae 1882, he stated emphatically that, in, flood, time, the current can) not | be checked * 
Sago the slightest degree without causing a deposition of some part of the sedi- ; 


“ment. In this connection he named three controlling factors that | are involved — es: 
“every problem presented the characteristic ‘phenometion’ of the 


River : (1) ‘The force of the current; (2) the frictional resistance 
of the ‘iver: bed ; and (8) the intimate relation between t the quantity: of sedi- 
ment: carried i in thew water, and the velocity of the, current If the: current is 
imoreased or decreased from any: cause (such as the e friction | between the water 
: po. and the bed of the stream) t the quantity, of sediment carried in suspension is 
likewise increased or decreased. Tf the volume is diminished,’ ‘the ratio of 
friction to volume will be increased and, conversely, if the volume is is increased 
thé ratio of frictional resistance will be decreased. | 
Diagrammatically, ‘Mr, Eads demonstrated the rapidity with, which fric- 
tional: resistance increases if the sedimentary river is. divided. into two ) OF more 
Unless the two new channels, have steeper slopes it is im possible 
eS for the water to flow as fast as it would in the original, single channel. m ‘Quot- 


2 “Report on te Physics. _and Hydraulics of the Mississippi River”, by. 
and H. Abbot, 1861" (reprinted 1876), ‘Professional No. 5. Corps of 

Annual Rept. of the Chf. of ‘Engrs.. U. of War, for 
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| Red River Landing the Red ‘Atchafal a Rivers irtuall 
aya ers. are Vv rtua 

parallel to the Mississippi River 4), with a connection between 
two. vealled “Qld River.” This junction been. ably -eompared to the 

“capital letter, . The /Tight- -hand side of: letter, is the Mississippi River; 

2 other side above’ the | cross-bar », the Red’ River, and below the cross-bar, the Lig 
_ Atchafalaya; thé cross- -bar connection, seven miles in le length, is Old River. 
i ‘The’ direction of flow in Old River is dependent on stages prevailing 0 on the ais 

1 Mississippi and: Red Rivers, the flow | being most frequently from the Missis- 

sippi River through Old River into the Atchafalaya. This condition can occur 
at all. stages ‘of the Mississippi. The volume of: water diverted from the mer 
sippi- into the Atchafalaya decreases the volume of water in the Mississippi Sant: 
River below Old River. Therefore, if the- “hydraulic theory: is correct, the 


slope of the Mississippi River below Old d River should be increased. _ Further- 


"more, the volume i in the Atchafalaya jis, increased by. waters. from th 
Mississippi, the slope of the Atchafalaya River diminished. 


follow a like volume of water er through the various they of 
like volume of water by the gauge ‘stations as registered by the | gauge 
= “heights. In selecting this like volume of water it should be close to the bank- 
stage of the river. This selection will give a desirable wide Tange of 
- gauge readings for consideration not only i in the different years, but during 
the same year. Furthermore (and this is very important), it. represents the — 
“flow at | bank- full stage, the f form of the river which all the forces acting on i Ry 
during the year are striving Greate.” The’ usual mistake ‘made. by river” 
experts to confine their discussions flood stages,’ ‘ignoring the forces 
"acting during low water. ‘A flood acts but a comparatively short time and 


during” the ‘remainder of the: 3865 days the river modifies: the results which 


Commission that the a above. requirements are fulfilled by a volume 
Ei 100 0 000 to 1 200 000 cut per sec for the Mississippi ‘River, ar and 1 300 000 eu sae 
per sec for the. Atchafalaya’ River. In preparing the study for 
station, all gauges published by .the Mississippi River Com 
measured with meters were used, falling within. 25 000 cu ft } per 


or below the Be lected volume for the stations ‘on the Mississippi River 
A 15000 eu ft. per see above or below the selected yolume for the Atchafalaya 
for these. was adjusted to give a gauge for the 


influence: te. crevasses and levee 
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the deductions thus advanéed. For instance, the volume in the th 
below the Atchafalaya. outlet is decreased by the volume off 
ae i or its flood li — 
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both must: be considered in Tiver V work. Therefore, it is consistent 


crevasses was found. At only one was the gauge station affected by levee 
changes and the results discussed subsequently. That crevasses and 


levee confinement have not had any measurable effect « on the « carrying capacity 


\ a of the main river is substantiated by reports of the Army Engineers." = During” aoe 
as 4 the period of this analysis only two cut-offs occurred; one at Mile 680 (Water- ae 


proof), in 1884; the other at Mile 638 (Yucatan), in in 1928. These cut-offs are 
approximately 100 miles away from the nearest gauge station used in 1 this ‘ 
paper and are so distant. that they would not have ; any measurable effect. 


To analyze the gauge and discharge record at any station it ‘is necessary 


unde rstand that a silt-bearing river is somewhat human in its ability to do eS 


_ ‘more work at one 1 time than another. ‘It will discharge a given volume of — 


water at different gauge heights, depending upon its ‘physical condition and 
he ‘movement of Water. phenomenon of the river’s capacity, to do 
‘more work at one time than another, as. reflected by the passage of a given _ 


volume of water at yg gauge heights is, , for the pu purpose of this ‘paper, sf 


It is recognized that the system used in 1 taking discharge observa- 


tions rivers, especially high stages, is. error, 


OUR 
“separate the factor of « error in tire measurements ‘and the factor of river 


o embody » the two in ‘the term, “efficiency,’ ’ which is so used in this analysis. 
The variation in gauge heights for the same volume of water due to the 
efficiency of the river is clearly shown at gauge stations not influenced 


unrestricted "diversion; that is, uncontrolled diversion of water from the 


‘parent river at all stages, such as that from Mississippi River nto 


River. ‘gauge stations selected for this purpose 


three stations were selected over any of the other gauge stations ‘because oi ah 


von ae arian 


furnish more ‘readings of the selected volume. An analysis of a discharge of 


a 1200 000 cu ft per sec at these three stations is afforded by teference | to 


Tables 1(a), 1(b), and 1(c). A summary of these data is given in Tables 2(a), 


the discharges used were measured with « current meters and those 
varying by m more than 25 000 cu ft t per sec from a volume 0 of 1 200 000 ) cu ft 


per sec were rejected. Discharges measured with float or ‘rod were not cused 
in any of the > studies of this paper. At ‘the Columbus gauge (see ‘Table 
(a)), the readings were adjusted to a basis of 1200000 cu ft per sec, using 


60000 cu ft per ft of fal shown by the 1929 discharges. Only 


4 


were reported. 


*“Spillways on the Lower Mississippi Doe. No. 95, 70th Cong., First 
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Gauge Gauge reading,* 
read Discharge; in feet, ||}: hart pead- Discharge,” ‘in feet, 
| ing, ,|in cubic feet|adjusted to Date ing, |in cubic feet|adjusted to 

| per second'| 200 000 ‘in | persecond | 1 200000 


(Ky.) Gavor, 22 Mums: penow |} (¢) Arkansas City (ARK.) 


April 15, 1892... ..| 41. 203 000 |. 41.2. || Lj) 
i 3, 39. 1 188 000 April 4, 1923 : 1 203 
iss AO. 228 000 March 19, 1929.. .9 }.1 192 
181 000 March 20, 1929.. ; 1 213 
177 000 June:20, 1929.... .8 | 1.206 
213 000 June 21, 1929. . 178 


1 
1 
1 
176 000 (d) Carrotuton (LA.) Gaucet, 964 BELOW 
1 
1 


4, 1808. 


174 Froop Sracy, 17.0 Feet) 
191 000 | 43.2 || April 7, 1883 -4 | 1 086 000 J 


Febru 2, 1885...) 
(Ark.) Gavaz, 307 Mires March 1890.... 


Carro, Inu. (BANK-FULL 0 Feer; || March 7, 1890....| 15.2:| 1 128.000 
_ Fuoop Stace, 44.0 Feer) March 14, 1890...| Crevasse at Nita, 
000 — March 22, 1890: . 
March 28, 1890.. 
March 31, 1890:". 


April 4, 1890 
April 5,.1890 


1 

1 209 000 
1 206 000 
1-194 000 
1 177 000 
1 180 000 
1 185 000 
1 177 000 
1 198 000 
1 
1 
1 
1 
1 
1 
1 


‘June 3, 
‘June 4, 1892 
‘June 6, 


| 


March 4, 1891.. 
March 9, 1891. . 
March 10, 1891... 
March 12, 1891... 
May 18, 1892.... 
May 19, 1892.... 
June 4, 1892 


203 000 
190 000 
210 000 
197 000 
228 000 
195, 000 


May 10, 1893 
May 11, 1893 
_ Mare June 6, 1892 
3, 1929. ere ten June 10, 1892. 17.0 | 1 079000 | iif; Rey 
May 4, 1929...... 9. June 12, 1892... .. Crevasse at Belmont, Ky., 
(c) ARKANSAS CiTy_(ARK.) 437 Mitus miles below Cairo, Ith. 
CArro, ‘Inn. (Banx-Futt Stace; 42' |] charge, 140 000 eu ft 
Fioop Stace, 48 Feet) June 14, 18902... .| 16. 9 
June 19, 1293... 
March 14, 1890... .| 48.2 || June 21, 1893.... 
25,1890, 49.2. || SJune-22, 1803... . 
.2 June 23, 1893 
8.3. June 26, 1893... 
May 3, 1898 4 
May 4; 1898..... 
April 23, 1904. ... 


3 
5 
3.1 
3 
3.5 
5.1 


WROD 


a 11, 1891.... 
16, 1891.... 
March 17, 1891.... 


February 2, 1907.. 
February 5, 1907.. 
February 6, 1907.. 


March 18, 1891.... 
March 21: 1891... 
s 
March 23, 1891... 
: April 25, 1891 
April 27,1891 
April 29, 1891 
April 30, 1891...... 
ay 2, i891 
Sune 27, 1892. ...: 
June 28, 1892..... 


February 7, 1907.. 
March 29, 1909.. 
March 30, 1909.. 
March 31, 1909... 
April 1, 1909 
April 2, 1909... 
April 3, 1909. 


000 
000 


1 180 000 
1 192 000 
1 198 000 


April 7, 1909... 
April 8, 1909 
April 9, 1912 
April 10, 1912..... 
April 11, 1912.... 
February 12, 1913. 
February 13, 1913: 


IR WON 


May 6, 1893...... 
_ March 12, 1903.... 1 198 000 
April 28, i911 1 184 000°} 
‘March 27, 1.174.000 | February 14, 1913. 
March 29, 1923. . . 1 174 000 February 15, 1913. 


t Gauge adjusted to 1 1 100 000 cu. sec. 3 


OOO 


> 


— 
= 
— 
— 
— 
M 
April 24, 43.0 | M 
— 
8, 1892 
— 
— 
| 
— 
— 
— 
— 
| 
l 
— 1212 000 | 4 1 
— 46 | 1209 000| 4 
= | 46 1219 000 | 4 
— | 47 1 193 000) 4 
| | 1 182 000 a 4 
| 47 1214000 | 4 
| 47 1 211.000,| 1 
47 1228 000 | 
{ee 46 1 186 mp | “4 April 5, 1 
47 1 179 000 
— 
— 


TABLE 


Dat te tes) “reading, in feet per in cubic feet | tee 


February 19, 1913 4 


April 20, 1913... 
April 22, 1913. 
April 29, 1913... 
x May 6, i913 
18, 1913 
19, 1913.. 
Me May 20, 1913 
February 1, 1916 
April 27, 1917 
April 25, 1920 
April 4, 1922 
April 8, 1922 
11, 1922 
# 11, 1929. :. 
April 12, 1929 
April 15, 1929 
April 16, 1929 
April 18, 1929 
= 19, 1929. 
_ April 20, 1929 
April 23, 1929. 
April 30, 1929 
June 26, 1929 
February 8, 1932 
February 10, 1932.. 
February 11, 1932.. 
February 16, 1932 
March 16, 1932 


Pad SIMMESPORT Eco Gavert, 5 MILEs BELOW THE 
peel om 


ri 
oh 23, 1891 40. 
25, 1891 


April 9, 1891 
April 15, 1891 


Ol: 


| 


February:14, 1907 
February 16, 
April 6, 1908... .. 
May 4, 1908 
May 6, 1908... 
16, 19 
April 13, 1912. ay & 


: — 
— 
a 
| February, 23, 1913 
1080000 | 18-5 
1107 000 ATO — 
Heap or ATCHAFALAYA RIVER, — 
| 
4 * Except as noted in the case of Table 1 (ec), | 
; reading; Column (4) adjusted to 300.000 cu ft 


Date reading, | infeet per | in cubic feet in feet, adj 


infeet | second ‘Per second 


feet per second 


July 17, 1928 287 379 
July 21, 1928... «ii 4.39 | 290914 
April 6, 1929. 9 | 429 | 301 
‘April 10, 1929... .. 5 | 442 | 310 506 . 

April 21, 1933 290 457 
April 22, 1933. . var 232 
April 24, 1933 
April 26, 1933...... 297: 111 

April 27, 1933 736 


Gauge reading, Column (4) to 300 000 cu 1 ft per sec. 4 


TABLE 2.—CoMPARATIVE Gaver VARIATION | FOR A -Discuarce* 


4900000 Custc per Secon_D 


Period 


ea a4 


| March 24, 1929....| 42.9 | April 15, 1892... 

Any one year April 29, 1929 1% .9 | April 30, 1929... 

The arch 3, 1897 39.4 | April 30, 1929... 


(6) Hetena (ArK.) Gauce StaTION 


jliest and latest| i 
a March 12, 1929....| April 6, 1882....| 
one year 47 March 12, 1929. May 4, 1929....] 45.6. 
The 47: year period 47 March 12, 1929.... .0 | May 4, 1929.... 45.6 


vecorded year t. 39 | June 21, 1929 March 25, 
one year March 97, April 4, 1923... 

The period 39 | May 5, 1893.......1 46. April 4, 1923.. 


| February 17, 1932..| 49.0 | June 20, 1882... 

Any one year... February 15, 1913..} 45.9 May 5, 1913 
© The 50-year period | January 21, 1885...| 40.2 May 5, 1913 


gecorded year.........| February 8, 1932. 
one year...........| February 12, 1913..| 16. 6, 1913.. 

The 49-year period February 2, 1885. 13.5 April 6, 1922... 


(f) Smammsport (La.) DiscHarce STATION, ON THE River” 


recorded year 43 May 13, 1933. 

ny one year. 8, 1908... 3 June 16, 1908...| 

= 43-year period...... June 21, May 3, 1920. . 


— 
3 
— 
— . 
— 
— 
— 0.3% chi 
— 
— 
— 
42.1 | 6. 
— — 
— 
— 
— 40.1 | 1.7 4 
— 
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ae 


fering 2 the — gauge 1892 is 7 ft lower than 


the same at the same gauge height. 


between 1892 and 1929, no appreciable silting occurred at this 


(Table 2 (a), does not reflect the g ‘gauge ge variation that can | be expected 
flood, due to “efficiency.” > For a 37- -yr period, the greatest range on 


o. gauge to discharge | the same volume of water, is 3 3.8 ft (see Table 2 (a)) which 
_ is a measure of the effect: of ‘ ‘efficiency” at this station, for all floods pone En 


ring to to the Helena gauge (Table 2 r ft os 


of: gauge was used in adjusting - readings to tp diatoms of 1200000 cu ft per 


sec. As in the ease of the Columbus-V Wickliffe gauge only 


Crevasses occurring within miles above’ and below Helena prior to the 


discharge rates listed in Table 1 (b), in ‘general did not affect the recorded 
gauges. 3) Records of crevasses that may have occurred in 1882 we ere not avail- 


able to the writer. The recorded gauges of 1893 that were not affected by | 


crevasses, , however, are practically ‘the same as_ those for 1882. | From a 
ee: evidence and the fact that the discharge is close to bank- -full stage, the | dis- 


charge of 1882 is considered to be unaffected by crevasses. In. other ‘words, 
it would not affect the analysis if the ‘discharges of 1882 or 1893 were used. s 


SH Reference to ‘Table 2 (b) demonstrates that, in the two different flood 


eats the same volume of water was passing at the same g gauge ie 


which indicates wee there has been ‘no filling or silting in the channel at 
this station. The greatest variation discharging ‘the same quantity of 
water occurred i in 1929. difference of 2. 6 it between the lowest and 
Bee of of this year ‘reflects the. effect of efficiency during the same ne flood. i a the 
u 


‘Iti is to be Table 2(b)) 
the lowest highest gauges of any of of the years” recorded occurred 


Crry, ARKANSAS, GaucE 
Bffeet Crevasses on the Gauge Study.— —Prior to req discharge reading 


of March 14, 1890 (see Table 1 (c)), there was. a crevasse of 35 000'eu ft per 
sec, 8 miles above Arkansas: City March 9, 1890, and another 


‘and. 


E 
— 
& 
onetime 
| — 
— 
| 
Er. 
| 
— 
— 
— 
— 
— 
om 
too small to affect the gauge reading as A 
of 0.3 ft in the gauge height by March 25, oF 
height increased despite the occurrence of two additional 
(19 901 eu ft per sec) 4 miles above, and two of 35 000 and 31 000 cu ft per it ie ae 
— 


a 


40 miles, ‘respectively, below the gauge. Prior to the 
spe of April i, 1890 we Table 1 (c)), in the 50-mile reach above 


charging 515 901 cu 4 “per sec; and, 

g a discharge 

16 242 255 ¢ cu ft p per sec, or a total of 158: 156 eu ft | per rss ‘A comparison of | 
the gauge of April 1890, with that of. March 14, 1890, shows reduction | a 
ef only 0.6 ft to discharge the same volume of water (1 200 000 eu ft per sec) 


more than 700.000 cu ‘per sec of water diverted through crevasses 
50 miles above “tittle 50 below the small 


+ 


TABLE 3. —Recorp or OREvAssE 


‘Date Bank | ic Date ai Bank 
beavers] fenton vi 
gor 


VICINITY oF ARKANSAS City Gaver (437 


March 9, 1890. 429 Right » 85 000 || 16 |: May 13, 1892... Wy ) Right | 91 
March 7, 1890. | 4 a Right | 6 055 ||} 17 | May 25, 1892...| 484 Right | 17 
Total, prior tol. .18: | June 2, 1892....| 439 Right 19 5 
March 14, 1800 | - 41 055 19 June 22, 1892...| 470 Right AE 18 
Total in 1892, 

March 24, 1890.. 17000 || prior to July 1 

March 24, 1890..| 433 901 


March is, = ‘Vicunrry or Rep RIvEr Gaver, (773 


20 March 14, 1884..| 7389 211 000 
“March 27, 1890. j 17 000 1 arch 14, 189 899 | Left 
March 27, 1890..| 432 : a 10 000 22 | March 16, 1891.. re 961 Right 
Total, prior tol | 231 March 14, 1903.. 738 

April 5, 1890....} 426 | Ri 44000 BELOW Carmo, 
April 4, 1890... 24 | March 14, 1890..} 902 
arch 1890... 435 March 16, 1891..| 961 
March 28, 1890.. 3 438 5 p 
March 28, 1890..; 470 
April 7, 1890. 

Total, prior to J 
April], 1890..| ..... 
Total, in 1890. . 


= 


Prior to J uly 1, 1892 (see ‘Table 3 (a)) four occurred within 
ach of 50 miles below, the Arkansas City gauge, » with a total discharge o 

, < 2 146 913 cu ft per sec. The recorded readings i in this year were not appreciably — 
inore br less than those for 5 years that were not affected by erévasses. 

. eset The highest gauge of 1890 (see Table 2 (c)) is 01 ft lower than the | lowest — 

gauge of 1929, showing that at one time the two different floods were dis- 


charging the same volume of water’ a at practically the same gauge. Again, 
this” shows: that no appreciable silting | had ‘occurred at ‘station in the 


the greatest 


variation in 
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ae a gauge heights. The difference of 2.0 ft (see Table 2 (c)) between — Dir: 
and lowest génge of this year, for an adjusted discharge of 
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eu ft per sec, reflects the effect of ‘ “efficiency” during 1 the same flood. 


the: entire 39- “yr period, the greatest range on the gauge for “discharging this 
same volume of water is 3.2 ‘ft, which, likewise, measures the influence « of 
_ “efficiency” at the Arkansas City gauge for all the floods: on record, I ae 


Wickurr FE, AND ARKANSAS Crry,. ‘Gavars tt 
. Flood Efficiency, —The foregoing data show that the maximum variation ; 


2.6 ft for ‘same volume of water same flood at 
be three gauge stations. 


jli 


can be expected at these stations. — 
three classes: (1) Those of poor ‘efcieney” (high gauge height for a given 
ue discharge) ; (2) those of normal ‘ “efficiency” (medium gauge hei ht for a 


given (3) those of high “efficiency” (low gauge height for 
given discharge) Certain: of the ordinary causes that influence the class 
of each flood for the same volume of discharge are: (a) The relationship — 
between the velocity of | the main ‘stream and the sediment introduced by 
tributaries; control of sediment carried by tributary streams; (ec) channel 
stabilization on the entire river system; (d) extent to which the main 
channel has been flushed by intervening water stages ; (e) the effect of winds — " 
in the direction of flow; mis} ‘the effect, on a gauge in the : main river. ere 
5 to the ‘mouth of a tributary stream, of the discharge of a large volume es 
water; and (g) change i in slope for rising and falling stages of the river. 
There is a relationship between velocity and quantity of sediment 


, required for carrying. sedi- 
ment, is: not -overtaxed hy the sodiment contributed by the 
ae than ¢ can be transported by the parent 1 river, it is deposited and causes a higher 
gauge. As Cause an attempt to control the | sediment carried by. the 
tributaries, in order to assist the parent : river, by protecting it against erosion y 
‘is advisable. This policy has been adopted, to some extent, for reasons far 
removed from flood- control purposes, such ‘as. the terracing of cultivated fields a: 
n hill farms required by the Federal Land Banks and vigorously pursued by 
the United States Department of Agriculture in erosion control and forest 
protection. Channel ‘stabilization by protecting the banks « on both ‘the 1 main 
‘river and the tributaries (Cause (a)) is also an aid in n reducing the e quantity he 
sediment. Prevailing winds in the direction ‘of flow (Cause (¢)) will 
lower the gauges for the same ‘discharge, whereas prevailing winds in the 
opposite direction will raise them — The change in rate of rising stages over ; 
falling stages (Cause (g)) affects the slope at corresponding gauge heights 
thereby producing different volumes: of discharge. For slow 


“Iti is not unusual for combination 


of the adverse caus es, s to oc 
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of the flood. 
y cur at the same time, Creating a, 100 
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latest | -years is 7 ft , showing that ‘the ‘two are re of ‘different 


Each flood, , although 37 yr apart, passed the s same volume of. 

aie water at one time during the flood interval with a difference of 1.7 ft. _ As 

oc this is within the expected | range of ‘maximum > gauge variation, , due to ie 
of “efficiency,” the r river is not silting up at these | gauge 


causing higher” flood elevations. This further substantiated by the 
eross- -sections taken at v arious intervals by the: Mississippi River Commis- 


Comparison of cross- ‘section elements ‘the general survey of 1894 to to 
1904 with t | those of the ‘survey of 1911 to 1913 covering the section of ‘the river 3 


from Cairo to Red River shows, at bank- full stage, the average area increased ¥ | 
3%, the average width increased 3. 9%, , and the average mean dept! 


levee systems” at ‘auge stations have been improved gradually 


q 
by raising and strengthening. These levee changes "have not affected the 

gauge readings recorded. As will be demonstrated subsequently for the “Atcha- “a 


 falaya’ River the gauge height for a given volume of water without levees. is 4 
iw after levee confinement at some 2 point; however, after once confined, 


further. levee extension down s stream from this point does not influence the ; 


Overbank Diversion —During 1 1921 the Cypress Creek g gap in 


line was closed immediately above Arkansas City. flood water 


did escape from the ‘Mississippi River through this: gap at overbank eleva- 


tions. — Subsequent to this date, flood waters have been | confined . and could 


only escape by erevassing. The o overbank flood-water escape of this frequency 
did not h have > any » noticeable le effect on the efficiency of the Arkansas City gauge. og 


The gauge station at Red River Landing is situated on the 
ey River approximately 1 mile below Old River ‘(see Fig. 2). € All the discharges _ 
used (see Table 4) “were ‘those measured with current meters. Those varying 


more than 25 000 cu ft per sec from a volume of 1100 000 cu ft per * sec, were q 


-Tejected. At ‘this gauge, the readings were adjusted 1100 000 eu ft 


Ja Last 


" sec, using 35 5 000 cu ft per sec per, ft of | gauge, as s shown | by the 1929 discharge, — 
and only the actual discharges: during that year were 


it adi hee 
The major r crevasses that occurred | within 50 miles. above or below 
to the discharge dates in Table are given in Table ae 
concerning crevasse ‘occurrence inv “were 1 not available. The 
Morganza crevasse, , 16 miles below ‘the gauge station at Red ‘River Landing, 
which occurred on April 16, 1874, was “not closed until ‘February, 1884, 

a “breached again on March 14, 1884, and was closed in January, 1887; breached — 


| once more on April 22, 1890, 1 ‘was closed in. March, 1891, and has remained 
closed since. The levee breach at Morganza v was during the 


5 Basic Data, Mississippi River, Annex No. 5, H. R. No. 798, Pp. 
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Enlarge- 
x 


1900-04 Levee Extended te to Mile 38 


ment from Mile 22.8 to Mile 42 


1904-06 ro in Process of 


“AU Mile 42. 28 
1911 Levee Extended to Mile46 


poo 1927 Levee Extended to Mile 51.1 
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ied 


to 1100000 cubic 
second 


» in feet 
ay 


cross-sectio’ 
in feet per 


square feet 


ght 


ge, inthousands 
of cubic feet per — 


per 


second 
pad 
go h 


feet 


q 


‘Area of 


= 


to 1100000 cubic 
feet per second 


Gauge height, in feet 


square feet 
ei 


Velocity 


4 


Discharge, inthousands 
of cubic feet per second | 
Gauge height q 


-~ Area of cross-section, — 


& 
Gauge height adjus 


_. Dischar 


April 20, 1891... . 4.98 
May 4, 1892.... f 5.42 
May 23, 1892. °. 
May 24, 1893... 
May 26, 1893... 
May 29, 1893. . 
June 7, 1893. | 
April 28, 1898... 
April 10, 1903. . 
April 28, 1906... a 
April 30, 1906. . 
April 7, 1908. . 
April 13, 1908... 
April 8, 1909. . 
i“ Average gauge height for the secon 
February 15, 1913) 245 800 6. 
February 20, 1913) 243 100 
May 2, 1913. _...| 225 800 
May 5, 1913. 227 500 
| April 17, 1920... ..| 246 000 
January 29, 1885.. April 21, 1920...| 241 600 
February 10, 1885| 235 300 4.73 April 22, 1920...| 244 600 
Average gauge height for the first period. ..... j April 23, 1920...} 243 500 
..-| 210 500 | 44.8 | 5.29 April 27, 1920...| 244 400 
213 900 | 44.9 | 5.22 May 4, 1920... .| 243 000 
..-| 210 800 | 43.2 | 5.13 April 11, 1923...| 231 500 
: -| 209 800 | 44.5 | 5.34 April 16, 1923...| 236 800 
af March 18, 1891...| 210 100 | 44.8 | 5.23 April 8, 1929....| 234 400 
March 20, 1891...| 211 700 | 45.0 | 5.23 


April 11, 1929...| 232 400 
April 10, 1891....| 216 900 | 45.4 | 5.14 April 18, 1929...| 233 500 
219 200 | 45.5 | 5.12 


'8 || February 17, 1932| 257 580 | 49.5 | 4.33 
218 200 | 45.4 | 5.08 1 112 Average gauge height for the third period. . 8B. 


readings of 1882 and 1885. . There are no data as to through this 


for these two years. the ¢ vasse of March 


o 
Gia 


June 10, 1882.... 
June 12, 1882.... 
15, 1882... . 
June 19, 1882.... 
June 20, 1882... . 


June 21, 1882.... 


24, 1882. 
June 26, 1882.... 


1885... 
January 26, 1885. . 


SRSESESS 


© 
w 


not influence the ‘gauge at Red River Landing | 16 miles above. be 


In 1890 (see Table 8), there were crevasses prior to April 1, close 
enough to. Red ‘River Landing to affect the gauge, the nearest being at Nita 
> (899 miles below Cairo) on March 14, The er crevasse se at Ames on’ March 16 e 
gue Table 3(b)), was too far ‘down, stream. to affect this gauge. In the 
ys period shen to 1903, no crevasses occurred ‘Prior | to gauge 1 readings he 
would affect the observed height. 


‘Bougere crevasse, 35 miles” 


a 


March 14, 1903, was 9 300 ‘ft wide. i Thee is no record of discharge of this z 


crevasse, but it not affect the ‘recorded gauge readings because it 


a 


— IVER Lanpinc 
— by 
— 
— — 
Bes 
1 122 | 
| ) | 1 085 | 
— 
— 
— f 
— n gauge, | vould 
iver Landing on this wer than this gauge 
e at Red River 8 ft lower es would be small . 
— are from 4.2 y_ stages 
cee and 1885 are from at_ these low sta 
— 
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been eames the reservoir a at the end of the levee. Tf Ib the period, | 1904 a" 

1982, no crevasses oceurred prior to. readings that would affect the gauge 


of. water in the two different floods, 50 yr apart, _ shows: that e excessive 
ilting occurred in the river channel at this statio n. The year 1913 had ‘the 
greatest variation for discharging | the same volume of water. _ The difference A a 


4 of 4.5 ft between the highest ‘and. the lowest gauge of this year for dis-— 
charging 1100 000 cu ft ‘per sec is due in part to * ‘efliciency” influence and in 
Part. to conditions “created by diversion. For the entire 50-yr_ period t 


"greatest: range in gauge heights for ‘discharging the same volume of water 
a is 10. 2 ft (see Table 2 (d)). This | large variation is due in part to “ ‘efficiency” — 
influence and in ‘part to ‘silting in the channel. 
Summary: Rep River 
Unrestricted Diversion.— —The effect of unrestricted iversion from 


C dine to the Gulf of Mexico; one past New Orleans into th the Gulf: the be 


throu h Old River into > the Atchafalaya River er and thence to the Gulf. ‘This 
ae latter outlet through the Atchafalaya permits unrestricted diversion of water aby 


To follow the changes occurring in ‘the’ Mississippi River at Red River 


Landing, it is ‘necessary to. consider the same volume of water during ‘each 


yi flood-year. For this purpose, a volume of 1 100 000 cu ft per sec was selected 


.: because, i in the early years, it ‘was fairly close to bank-full stage and, there- 
ore, was not affected by crevasses. 4 Punthernadt, greater number of gauge % 
readings was available for study. AGS) oldal 

- Shreve’s cut-off occurred in 1831 and the Raccourci cut- off, in 1847, ete, 


distances above and below Red River Landing. The 
e earliest reading used at this | gauge station 1 oceurred during 1882, being 51 yr 


yr, respectively, later than these cut- offs. Therefore, the rise in ‘gauge 
to discharge the same volume of water at this station since 1882 cannot be oe. 
attributed to the effect of these cut-offs. | 
Ps Records of the gauge station at Red River Landing since 1882 show that 
g uge for discharging same volume of water has) been raised by 
permanent ‘silting in of the channel (see Table 2(d)). A further ‘increase 
results from temporary silting occurring during the same_ flood, which is 
en removed by that flood or by intervening waters. — The rise in gauge for 
dis harging the same volume of water caused by the ‘permanent silting in of 
the channel ‘is the difference between the highest gauge of 1882. and 
lowest gauge of 1932, being 6.9 ft. Reference to Table 4 shows that this. rise 
“gauge height since 1882 is the result of permanent ‘silting during three 
distinct periods, the average ¢ gauge for each period being | a 


T able 5 @ exe 
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The greatest gauge ft (see 


_ the: same volume of water | during any one year occurred in 1913. ‘This varia- 
ke a: tion is greater than would be expected normally as the flood of 1918 is the 


end of the second period’ and the beginning of t the third period of iting 


transition. ‘The low g gauges that: ‘oecurred during: the first. of the 1913 
a have never been repeated. ‘The high gauges recorded | during the latter. 
4 4 


of the 1913 flood became for the third period. Since 1913, the 
lowest gauge for discharging 1 100 000 cu ft per sec is AT. 1 as against 45.9 9 


a during the first part of 1913, and the highest gauge is 50.4. be Therefore, the 
is ange of ‘ ‘efficiency” is is from 47.1 to 50.4 ft on the gauge, or 3.3 yp! ote hia 


TABLE 5.—Ave ERAGE GA uceE Heicuts, Gaver at Rep River 


Increase Gauce HeIcHTs (b) Peax-Fioop Gauce Heicuts 
Average gauge, | 

in feet, fora | Gauge Average peak- for the 

discharge of | increase, || Yea flood gauge, | period, 

1 100 000 cubic in feet in feet 


"1882. to1885 | 41.3 1867 to 1886 | 45. wil 
-1890t0 1909 | 45.0 1890 to 1907 é 
1913 to 1932 | 48.2 | 8.2 |] 1912 t0 1983 | 52.4 


bas, The greatest gauge variation for discharging the same volume of w 


ft for the 50-yr period of which 6.9 ft is ‘the loss due to 


oar silting and 3.3 ft reflects the influence of efficiency. A report of the Missis- 


sippi ‘River Commission records the peak- flood gauges at Red River Landing.” 


The average 0 of these peak- -flood gauges, grouped as three periods in T able 


6 (a), gives the i increase in average peak floods for each of these three periods — P 


(see Table 5 (b)). This" average period peak- flood | ‘gauge of 138 ft is prac- 
tically ‘same “gauge increase the | (6.9- increase | in “gauge height for 


discharging the same volume of water, , showing ‘a direct of flood 


ee Se A peak- -flood height of 50.5 ft was never exceeded during: the periods prior 
m4 to 1912. . During the period, 1912-1933, this gauge was | exceeded eight times 7 


height on the loss in discharge | capacity below the point of diversion. 


The actual changes in cross- “section ‘elements for 2-mile. reach below 


be 


Old River, in in the period, 1882 to 1924, are, as follows’ : The bank- full width 


increased 535 ft; the bank-full area decreased 13 089 ‘sq ft: and the bank- 


"mean depth decreased 9.6 ft. as 39.3 


with the maximum peak gauge of 57.5 ‘ft, which occurred in 1927. The main — 


» it this point has adjusted itself to an average peak-flood gauge of 52.4 ft. oe 


, and when diversion is oceurrin ig, was well illustrated during ‘the high 


of 1929. In this” of ‘silt below the: ‘point of 


Loss in the cross- -sectional area at ‘Red River Landing during the same 
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diversion restricted ‘the cross- -sectional area to the extent of holding it to 
same area during the last 5-ft rise in flood height, as follows: 


Gauge _heig Area, — 


234000 
236000 
: 230 000 
aks 
—_ the foregoing the deposition of the silt during t the same 5 flood § is en 


‘cn 


to act as a natural : automatic - valve. to hold the cross-section to an area of a a 
about bank- full and against a rise in gauge, thus | producing a steeper slope : 


during ‘the same flood. This silt is remove ed during the same flood or inter- 


waters. The gain in cross- -sectional area this station | during the 


a same flood, and when diversion from the Mississippi River is prevented by 


| fe higher stages in in the Red | River, is shown by the 1932 ‘flood i in the Red River. 


“During this flood a portion of Red River. water v was discharged the 


Mississippi River and increased the volume carried Discharge 


ee The cross- sectional area of 271 000 sq ft at the peak gauge of 52.1 during © 


as against a crose- sectional area of 232 000 ft at a “peak gauge of 
ee ft during 1929, shows a loss of 39000 s q ft, r 17% of area, caused by 
diversion during the same flood at alts‘ station 
silting changes: of, these two floods “were 0 local did 3 no 

eee materially affect the gauge for the same volume of water. The 1932 Fat 


with diversion eliminate , shows the power of the river to. clean the channel — 


‘if given the chance, eventually to re- open the entire reach to ji 


cross- “pompano area and produce lower stages for the same volume. 


changes at Red River Landing due to unrestricted ‘diversion are 
itustrated at the two overbank ‘diversions below New Orleans at ‘Pointe a 
Hache and Caernarvon, during the flood of 1927. Discharge observations 
Were taken immediately above and below these diversions. At Pointe a 
Hache, 57 miles below New Orleans, 10.5. ‘miles the Mississippi ‘River 
_ levee was removed during 1924 in | an effort to reduce flood heights at New 
Orleans. The 1927 ‘flood di 
‘that the velocity above the diversion increased ee’ that below the diversion ne 
as the discharge through the levee gap increased. There was a maximum 
difference in velocity of 1.33 ft per sec, wi maximum diversion of 


845 eu ft ‘per diversion the cross- s-sectional area a t the upper 
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caused by an increase “in velocity induced by the suction the levee 
gap, thereby i increasing the sediment- carrying capacity of the river, adding 
er its load by ‘scour from the < channel within the zone of influence of the 
diversion. Contrarily, the loss in area at the lower section was due to 
jet the decrease in velocity, thus causing deposition of sediment i in the channel. 
The induced draft through the levee gap at Pointe a la Hache during the 


flood did not reach far enough up stream to relieve New Orleans, mak- 


ing it ‘necessary, for a further levee breach nearer. that. city. An artificial 
erevasse was then made at Caernarvon twenty | miles below New Orleans, The 


— difference in velocity between the upper and lower stations at the Caer- 
diversion was 1.13 cu ft per sec for: ‘the m maximum diversion of 


er “sec. The ‘were not carried through 
period of diversion and, therefore, cross- -sectional comparisons. are 
“not possible. These effects from the drop in velocity, and the gain and loss 


oe in channel | area caused ‘by overbank diversion are noticeable at Red River 


Tanding in the greater” ‘channel. depth immediately above, and the shallow 


the peak- flood gauge increased | 7. 3 ft ca higher flood stages, due 


to increased height and streng of 
from the Mississippi River aud forced | down 

the gauge at Red River Landing the larger the volume ‘into 
Atchafalaya. The Mississippi River, below the point of ‘diversion, 
adjusted itself with silt deposition , progressively, with increased flood heights" 
and consequent increase in diversion. The loss in mean depth for bank- ‘full 


oes from 1882 to 1924 was 9.6 ft. Under this unrestricted diversion, it is 


Bi 


. 


~ apparent that the Mississippi River i is adjusting itself to the ‘Joss in ‘volume. 
_ Diversion into the Atchafalaya River is | dividing the Mississippi River, and 
this results in a velocity: drop below the ‘point of diversion as 
4 r with that above it. The larger ' the volume of water diverted the greater the 


velocity. difference. This velocity change is causing a deposition of silt which 


is 


4 forms a dam below. the. point of diversion, thereby adjusting the river toa new 


change in slope varies with: ‘the volume “subtracted. 
“efficiency” of ‘the stream thin point is , and, 


the river at ; this pe point is almost continuously subject to diversion and only 


-_infrequen tly is its volume augmented by waters from Red ] River. _ The pre- 
ponderanee of influence is due to diversion at all “stages the 
Mississippi into the Atchafalaya; therefore, there is. ‘opportunity 
the sediment- -formed dam at Red River Landing to be cleaned out. _ As the 
-the main river is reduced by. increased diversion through the Atcha- the 


the Mississippi River. adjusts. itself ‘to an lope: the 
of silt below, 


6.9 ft to discharge the of water, th colt 
adjustment at ‘Red River Landing conf rms 


m- 


g the same, ‘the slope is is Teast where the 
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Novdiaber 1 ION 
is found to be invatiably the’ vo ume 


“to La. (New (Onurans), | Gaver sub 


All available discharges ‘used were measured with "current ‘meters 


per sec, using 60 000 cu ft per sec per ft of gauge, shown by the 1929 3 
discharge. Only actual observed discharges during 1929 were used. tds 


es The record o f three crevasses that have occurred within 50 miles up — 


stream and down stream from the Carrollton gauge is given in Table 3 (c). me 


No records are available of crevasses that. occurred i in 1 1883. Between Febru- 


x ary. 13 and March 26, 1890, ten small crevasses occurred, Sern Miles 973 


and 1.000, down stream from Cairo. These breaks varied, in widths, from 
15 to 540 ft and were too small to affect the gauge readings. Furthermore, x 
- gauges adjusted for 1 100 000 cu ft per sec before and after the Nita crevasse, — Ht 
g which occurred on March 14, 1890 (see Table 3 (c)), do not show any ny influ- ed 
‘ence. _ The Ames crevasse on March 16, 1891 (see Table 3(c)), oceurred after 
“7 
“dates of the “gauge readings under consideration. Between “May 3 


une 18, 1892, ‘seventeen crevasses are listed. these breaks were small 

and closed within a few days of vag ‘occurrence, except Sarpy crevasse, 939 
miles s from Cairo (see Table 3 (c)). “comparison of the adjusted gauge 
readings” for this year with | those (which were by 

| Referring to Table 2 (@), the same volume of water in the two ‘different as 


49 yr apart, was passing the gauge vat heights only 1 which 


“efficiency” the same period. — For the -yr “period, the 


iy 


variation on the gauge for same volume of water, 5.3 a. 
(Table. 2(e)). uence, 
and in ‘part to ‘conditions by “unrestricted ‘diversion Red Riv 


at. the Carrollton gauge station based on a dlashives of 
100 000 cu ft per sec, details of which are recorded in ‘Table 1(d). This 


volume of water is close to bank- full stage ‘and recorded | gauge readings are 


The variation of 1 ft between the lowest gauge of 1982 and the highest 


gauge of 1883. (see Table 2 (e)) shows ‘that cat one time ¢ during ‘these two 
. floods, 49 yr apart, the same volume of water wae ‘Passing within a foot on 


the gauge. This within the range of “efficiency” 


ioe. 
those Varying more than Zo UUU Cu IU per sec a Volume Of 1 LUU UUU CU 
— 
— 
— 
4 
— 
— 
— 
| 
 —- for discharging the same volume of water in a single year, occurred ee, 
1913. The difference of 2.6 ft between the highest and lowest gauges of 
this 
— 
— 
— 
_° Letter from the late James B. Eads, F. Am. Soc. C. B., to Mississippi River Comm. 


variation, for discharging the 


same volume of water occurred in 1913. The difference of 2.6 ft between — 
he highest and lowest gauge of this year for discharging 1 100 000° cu ft per 
sec, is due in part to “efficiency” influence. “variation 2.6 ft is 


— than ean normally be expected due to efficiency influence, as the 


abnormal { gauge at. Prior and to 
ag. flood of 1913 the greatest gauge variation during any one year for discharg-— _ 


ing this same volume of water is 1.5 TS For. the 49- -yr period the greatest, 
range in gauge discharging this same volume of water is ft. The 


in gauge for the same volume of water at this 


“St 


: | 1904-05 | 1916-17 1932+ 1904-05 19 


3 
8.1 
1 
| 
‘0 
‘9 
‘9 
‘9 
‘9 
‘0 


1 098 


(Continwed) 


Q 7) 


1904-05 {mean Gulf 


i?) 


2 


inte 


1149.8 1207.3 | 432.90 
86.2 | 30.92. 


* Station 0 is at Barbres Landing, La. (see Fig. 2.), 
t normal to stream where 
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is between 3 and 4 eis: This - may be caused by conditions set up cae oe 
“stricted diversion at Red River Landing. Definite proof is not available at 


OF THE Asonaratara haven 


6 6), show that this ‘stream average of 47 1% in 


he at bank-full stage from 1904 to 1932. (Levees have been constructed | along 
the first: 51 tiles of this river.) In order to determine the effect, if any, 


that: large increase in cross-sectional area has had on the discharge 
vs 

capacity of the stream, i it is to consider the passage of the sam 


volume of water through the various f flood- “years. To obtain a ‘sufficient num 
of readings for consideration, a a volume of 300 000 eu: ft per ‘sec is 


8 3 reported at the Simmesport Discharge O Observation Station (see Table Ae) 


paper all” discharges in Table were ‘measured with: current meters and 

fee ‘those varying more than 15 000 cu ft per sec from. a 1 volume of 300 000 cu ft 2. ag 
sec were rejected. this gauge the were adjusted to-a 


by the discharge ‘puting: curve issued by the Corps of Engineers, ‘Uv. 


r this station. Readings from 1890 to 1893, which are ‘published with the 


ro 0 of the gauge at 3.88 ft above me mean Gulf level were corrected to a gauge 


with its zero 5." 19 ‘ft above mean Gulf thus: geferring call readings in 

Table 1 (e) to the same datum plane. 

crevasses along the Atchafalaya River in 1 Table : 


Name Best Bank he 


1890 | 215. i April 22, 1890 
1890 i April 22, 1890 
1890 g A 15, 
1890 | 

1890 


2 
May 27, 


is wide in the “efficiency”. of the » Atchafalaya River. . The 
PERE of 6. 1 ft between the 1920 and the 1928 readings, eight, years apart rp 


see Table 2 (f)), shows the influence on “efficiency” by the sediment deposited e 


n ‘the stream asa result of diversion. ie ‘The flood of 1927 formed crevasses 3 in 
‘the. Atchafalaya River levees, flushing th river channel : sediment 


— 
— 
— 
— 

a 

ij 
| 
2 | 
| 
TABLE 7.—Recorp or Important Crevasses 

Name | Bank | Date | Width.) bh 8 
BBarbres.........] Left | April 21, 1 600 
Point...) Left | April 21, 
Latte | April 21, 
ol..........| Left | April 21, 
han........| Left April 21, 1890 | 180 || 1893 
hand Taylor| Left | April 21, 1890 | 50 || Alto.......... -| Right | May 19, 1912) 2450 
nanson.....| Right | April 8, 1890 | 300 || Atkins.........| Right | May 17, 1912] ..... er 
wood.......| Right 8, 1890 | 150 McCracken. ...| Left | April 16, 1912 | 5 200 
ow Bayou...| Right | April 8, 1890 200 Coville........} Left | April 25, 1913 | 400 
Mn..........| Right | April 15, 1890 | 300 || McCrea.......| Left 
Gordon.........| Right | April 18, 1890 | 400 Melville.......| Right 
— 
— 
: 
— 


greater “depths” than recorded by surveys ‘since 1880-1881. 


allowing efficient of the 1928 water at 
“flood | in the Red River during 1932 established the highest: gauge of record at 
La. T his high stage ‘of the Red River prevented the diversion 


ee the e Mississippi into the . Atchafalaya and cleaned the Atchafalaya River to 


increased the Atchafalaya ‘ “efficiency,” of the ie 


water ‘to pass at low stages. io, alstora: » 
The gauge “variation of 1. 7 ft during the 43-3 -yr ‘period, 1890 - to (ce 
f able 2 (f)), develops the fact that no material change occurred in the dis-_ 
charge of the stream, even in the face of a 47 increase in 
. sectional area. The velocities i in Table 1 (e) show that as the river expanded 
5 ft to. 


ville is lower end “of! React’ 
end of the east levee No in si Mol the 


charge of same volume of water oceurred since 1890; theref ore, the 
increase in cross- -sectional area has kept ‘pace: ‘and has offset the slope reduc- | 


ion. The that an increase in the volume of a 


TABLE 8.—ATOHAFALAYA Rom: HANGES IN Bank 


“Station 1880-81 t to 1904-05 | } 1904-05 to 1916-17 | 1916-17 to 1931 


ing to 11 miles below. ~ Levee 


extensions | since not affected this gauge for the same volume 
“discharge. the ‘various flood- years when the high gauge of. 50 ft was, 


ot Rar “reached i in 1 the e Mississippi at Red River Landing, the record of discharge in 


the Atchafalaya River at Simmesport for corresponding dates i | given in n Table 
9. The discharges vary with the silted condition of the are not t 


“The Improvement of the Lower Mississippi River for Flood Control and Naviga- 
_ gation”, May, 1932, prepared under the direction of the President of _ the Mississivpt 


Now 
| 
— 49 
| bois: 
4 
— 
stream. ihe hea limit 
—| djustment of the iver Landing, |.” 
evations in the Missieippi River at Red River Landing, | a 
than 4.5 ft elevations in the Mississippi ‘elt deposits below” a ga 
is fixed by the water ele because of the ine 10 stant 
the. 
the 
River 
— 6! 
“see i 
| 
— 
Rize for t] 
— 
the g 
Gulf 
datur 
— add ¢ 
— 
n 
chang 


limits of the 390 000 cu ft x per. ‘sec discharged during 1897 at a | gauge “ol 50. Bs 
ft at Red River ' Landing. 6 (The year, 1897, is the earliest | on record in which © 
a gauge , of 50.0. ft was reached at Red River Landing.) This further sub- 
stantiates the flattening of the slope in the Atchafalaya River; it offsets the 
47 % increase in cross- -sectional area; and the volume of water diverted into 
the Atchafalaya dependent upon water elevations: in the Mississippi 


River. _ The: increase in discharge of the Atchafalaya River due to the i increas P 


of 49 5 ft at Red River Landing ( (see Table 0, Item om No.) ) is he 
Red River gauge, Discharge, Atchafalaya 
Date at Red River Landing, River, at Simmesport, in 
May 4, 1920...... 492.6 | 000 
) 


TABLE 10. —INcREASE IN THE OF THE Ravin 


af 

1913-1932 48:2 | 1105000 | 866 

ap Krorz Sprines Gaver Srarions 


' Discharge observations are not made in th the Atchafalaya River, at Melville Y Yous 


“dna Krotz ‘Springs, La. (see Fig. 2). To study the action of the river 
these two ‘points: gauge heights ‘are. listed in Table “11 for the day following 
W 


for the gauges at Melville and Krotz Springs : are one day later than those for sas 


the | gauges at ‘Simmesport | to correspond with a discharge of 800: 000 cu ft 
per sec. zero for 1983 Wallies on the Melville gauge is 0. 2 ft above ‘mean 
Gulf level. convert the gauge readings for previous years to the 


datum plane as 1933, subtract 0.3 ft from the readings in 1890 and 1892, and 


for approximate discharge of 300000 cu ft per sec at Simmesport. ‘The dates 


dt | j Dome 0.2 4 ft to the readings in n 1907 a and 1929. The gauge readings i in Table 11__ 
are not adjusted to an even 300 000 cu ft per sec. TH 
re At Melville the gauges from 1907 to 1933 do not shov “any, “noticeable 
pi 


other than ‘due to “efficiency” ‘influence. The average of the 
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DIVERSION ON on ‘THE AND Pap 

that year. a... ‘in gauge between 1892 and 1907 is due to levee 
confinement. In 1893 the west bank of the Atchafalaya River had a con- 


tinuous levee line e extending to Melville and the east levee line ended 8 miles 4 


up stream from this point. Between 1893 and 1907 the west levee was jextended 
to 12 miles below Melville and the « east levee extended to 13 miles below that 
point. ‘This: confinement caused. the increase in gauge heights of approxi- 
‘TABLE i —Gaucr Reapines at La., AND Knors Sprives, 
April 8, 1890.. 33.7 | Jume17,1908..) 39.8 |........ April 22, 1933..} 36.4 | 52.4 
March 26,1891..} 33.3 April 14, 1912..) 39.8 | 53.7 | April 23, 1933..) 36.6 | 52.5 
18, 1891...| 33.4 | April25,1920.:} 41.3 | 54.9 | April25,1933..| 37.0 | 52.7 
21, 1892..:} 33.4 | April 28, 1920.. 55.0 | April 27, 1933..) 37.3 | 52.9 4 
May 29, 1802..|| 35.5 | May 4,1920...| 41.9 | 55.2 | April28,1933..| 37.4 | 53.0 
February 15, 1907 (37.6 April 14, 1923..| 39.8 | May 2, 1933.. 37/8 53.4 4 
February17,1907/ 37.8 | July 22,1928..| 37.7 | 51.9 | May4,1933...| 38.1 | 536 
April 7, 1908....) 41.1 April 7, 1929...| 39.0 | 53.0 | May 6, 1933...) 
5, 1908... | April 11, 1929..| 39.6 | 53.3 | May 14, 1933... 
3 


The gauge at Krotz 4912 (the earliest gauge reading avail- 


to 1933 does not any noticeable « change other than that due to 
cS “efficiency” influnce. In 1912 the east levee ended 3. 7 miles below this sta- 4 


as 


a tion and has since » been extended to 4 miles below it (see Fig. 2). In 1908 i 


the west levee ended 1 mile below this ‘station and has” since ‘beak ‘extended 


‘miles below it. These extensions have not affected ‘this gauge for 


. 


bank ‘in bank, beginning on n the north at a point 30 
from the Mississippi River and extending down the Atchafalaya about 


miles. clogged the ‘river channel completely, making ‘navigation 
dmpoasible. Trees. were growing around ‘these rafts, the largest: being about 
10 in. in diameter. _ Driveways crossed them at different places. These rafts 

and fell with the water and, apparently, they were in checking 

any natural opening of f this channel between Old River and the Gulf. 
About, 1840 the State of Louisiana, order to open a navigable fi 
began: cutting channels through the rafts with ¢ a view to their complete removal. ae 
work continued to the beginning of the Civil War period. Immediately 
‘upon the removal of the rafts the channel enlarged rapidly at bends in ‘the 
river and on both sides of the narrow straight reaches. Lands in the Atcha fF 


falaya Basin’ which had been exempt from _ overflow were flooded annually — 
until, in J 1881, the Upper Atchafalaya Ba: Basin ‘gone back to Nature. 


Comp. “from, ‘Repts. of the Mississippi River Commission. 


ee 
| 
| 
— 
— 
— 
— 
— 
— 
| 
— 


ver were to be seen ruined and | ‘sugar houses, 

illed by standing water, 


cypress swamp erowth started. Navigation, however, was excellent in 1881. 


The change in the characteristics of the river at its head between 1851 and hy : 


Ht ti or Cross-SECTION 


= 


1881, the channel of ‘the ‘Atchafalaya ‘Biver hed enlarged to a point at 
oe which it had a 


Re. that stream the line of least resistance for flow to the: sea. In 1881, 


at tion of the water. surface at Red River L anding | was almost constantly above 
ie that at the head of the Atchafalaya, being 7.3 ft a above the » latter point on 


Obits 13, 1891. At this time there was a marked tendency to increase the > 
channel from the Mississippi to the head of the Atchafalaya. Quoting from 


‘ 4 “No decrease in flood heights in the Mississippi’ River has been ‘observed, Vai: 
_ although a diversion of one-sixth of the Mississippi River discharge has 3 

The of the Mississippi River Commission of 1881 a recom- 

mendation’ that sill be built across the mouth of Old River between 
-Turnbull’s s Island and the ‘Mississippi, and, also, , that study be made, of 


the proposal to divorce completely the Mississippi. River from the Red and 


Atchafalaya drainage. During 1882 actual work at the head of the Atcha- 
falaya was confined to dredging bars at the mouth « of the Red ‘iver od the 


head of the | Atchafalaya, creating a ft channel Red River 
‘through | Old River and | a ft channel ‘connecting the Red with the head 


“the Atchafalaya River, thus making navig ation | conditions very satisfactory. 
In 1884 the Commission reported™ that the formulation of a comprehensive 


Plan for the treatment of the Atchafalaya situation had been « deferred from ada 
ey time to time | on account. of the necessity. for further “observation, experience, 


and study. ye was prepared to present a plan w hich was stated to be the 
best that could be devised i in point of ‘practicability, safety and economy; a plan vere 


that. should include prevention of the diversion o of the Mississippi into 


4 


the Atchafalaya Basin and the closure of any depleting outlet in that point, 
now existing or likely be induced by the changes reasonably to 


) 


4 , 1935 DIVERSION ON THE MISSISSIPPI_AND ATCHAFALAYA RIVERS 
Along the ri 
— 
4 — 
| 
a 
— 
— 
— 
— 
— 
4 
a 
— 
— 
— 
| 
eat — 


Att that time 


vin charge of the lower district, and he recommended | the ‘construction of a 


series of brush dams_ to be placed i in the Atchafalaya River, the upper one - 
below the ‘Bayou des Glaizes and the others at ‘intervals | not exceeding 
mile. These dams were to be built to a point just. below low water; they 


_ were shaman. not to interfere with navigation, and to regulate the a 
of the Atchafalaya 80. that it ‘would take care of the flood ‘discharge of the 


Red River. ad These dams were to be supplemented by levees to prevent the over- 


flow into the: Atchafalaya Basin of water from ‘the Mississippi. At this time 
a dam was also recommended across | Old River between n the ‘pedindalans: and 

3 ‘a mouth of the Red near Turnbull’s Island. This was in order to force he 

River down the Atchafalaya. “Apparently, ‘no action ¥ was ‘taken by 

gress on this s recommendation and th the report of 1885 again: recommends the 


construction of these sill dams in the Atchafalaya soon water 


stage permits and 1 money, is available. Quoting the report 


“The work to be done would have for its object the gradual construction © 
and perhaps finally the complete closure of the Atchafalaya as an outlet of the | 

‘ _ Mississippi. - Whether the treatment should be carried further than this, to— 
the extent of making the Red a tributary of the Mississippi by the construc- 
tion of a high dam across the head of the Atchafalaya River and its ere 

; thus cutting the latter off from navigation of the Red and Mississippi, is a 
consideration of great moment. Determination can be deferred. “The Com. 

- mission is distinctly committed to the idea of closing all outlets as part of 
the plan for the improvement of the ‘Mississippi River, both low- water outlets 


the outlet system because it stands in sharp antagonism to all the fundamental - 
laws of hydraulics. When the Atchafalaya shall cease to be an outlet the | 
ba ig of the Mississippi below the mouth of the Red will be decreased 
40 to 50 per eent. by the addition of volume now ‘substracted by the 


“The report of the of 1886 states “that no instructions have 


sa received for carrying out the foregoing plan.” oe During 1888 construction ‘ 
‘on the sill dams in the Atchafalaya below Simmesport, Ia., was started, i in " 


line with recommendations previously made by the Commission. The ‘first a 
ill dam “was located 500 ft below the mouth of the Bayou des ‘Glaizes. This ae 


ire 


eport contains (uaeiibane descriptions and analyses of a number of plans for a 


ha indling the Red River-Atchafalaya Basin problem. ‘These data appear to 


segregated about as follows: Major Stickney’ plan | (six submerged 
sill dams) ; (2) Eads’ plan (to cut off the Atchafalaya River with a high - 


dam at the head); (3). canal and lock plan (cut, the canal, Mississippi to 


Atchafalya Rivers, with | locks therein) ; (4) Mississippi River Commission | 
plan (includes. Plan (1) ‘and also a plan to shut off the connection between 


mouth o of the Red and the Atchafalaya Rivers y with a sill ¢ on the 
side of Turnbull's Island) ; and, (5) variation of Plan (4) ) (ineludes 


long jetty. the lower point. of ‘Turnbull's Island extending into the 
Mississippi to prevent direct : flow from: the latter’ into Old 


of Mississippi River Comm., 
; Annual Rept. of the Chf. of Engrs., 1885. ’ 
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‘report of 1889 indicates ‘that adopted for 


the of September, October, November, 1890, the lower 
~ course o of a sill dam was constructed across Old River, 3 mile down’ stream 
from n Sugar House Chute. The ‘Teports of 1891 and 1892 show progress on 
the construction of this sill dam, which was practically completed i in 1892. eats aul 
summarize, then, from 1804 to 1840, the Atchafalaya was completely 
bi. 
blocked by rafts and received very little flood water from the Mississippi 
_ River. In 1852, according to an estimate by Charles Ellet, a Civil Engineer 
"employed by the Government, it was: handling one-t twelfth of the > Mississippi 
discharge. In 1882, Mr. Eads estimated that it \ was carrying ‘approximately 
‘tixth of the Mississippi River outflow. At 


We 


Red River “The sill the construction of which hes 
8 been mentioned previously, w were designed and built in order to restrict the 4 ke 
Poa discharge of the Atchafalaya to about 200 00 000 cu ft per see, which was esti- as 
1S mated to be the discharge of the Red River w while in flood at that ti me (1882). ae 
ae These dams did not restrict the Atchafalaya to a capacity of 200 000 cu ft per 
aT) 


sec, due to later increased flood heights caused by the construction of higher ce 
and stronger levees Both sill are alike -in and construction, 


| and down with Upon: this. sill. were built 

Me ig: three courses of willow mattress, 100 ft, 66 ft, and 30 ft i in width, respectively, 

each ‘course being covered with ‘successive layers hard day and eued, 


_ Except where indicated the gauge and discharge readings in this paper elle 
not affected _by crevasses, cut- “offs, levee extensions, ¢ or enlargements. At. the 
Ark., and Helena, Ark., , the flow i is not subjected to unrestricted diversi n and 


oh the | same volume of water is now ‘passing at the same elevations as in earlier ae 9 


| 0 T he up-stream edge of the dam i ‘is, 20 ft below the apes edge of the sill, The 


years At these » points the river is not silting, but a a variation in | gauge | due a 


“efficiency” influence of approximately 3 ft can be expected for the same ris 


outlets to the Gulf, permitting from. the Mississippi 
laya River at all ‘stages, except | when rian ‘stages occur in the Re | 


— 
—_ 
second dam is located 1750 ft down stream from Sill Dam. No.1. The report 
— 
| 
| 
— 
— 
4 
— 
— 
— 
| 
_ 
2 
station prior to 1921 through the gap at Cypress Creek, a short distance above, 
without affecting the gauge in passing the same volume of water. 
— 
Ansa — 
— 


i 


DIVERSION ON THE MISSISSIPPI AND ATCHAFALAYA RIVERS apers 
below the point of over ‘the ‘velocity of diffeiince 
+ greater as the volume diverted increases. This checking of the current 


in orn time causes a deposition of | ‘some. ‘part of the wed load, and it is in 


greater the diversion, , the greater will be ‘the difference between the reotity 


above and below, and, ‘consequently, the greater the deposition | of silt below 
point of diversion. levees" on the main river were ‘Taised ar 7 


strengthened, thus causing levee confinement to larger volumes of water. 
_ Increased flood heights resulted and raised the average flood peaks at Red 


a River Landing 7.3 ft between the periods 1867 to: 1886 and 1912 to 1933. This 


= peak-flood increase _ caused larger volumes of water to be diverted from the 
through the Atchafalaya. ~The Mississippi River below the point of 


3 

diversion, adjusted itself progressively with “increased flood heights and conse- ag 


quent increase in diversion by the river channel being partly closed by ‘silt- 


deposited dam. This dam increased the river slope for the in volume 
- iverted and raised the gauge 6.9 ft to discharge the same volume of water 


since 1882. The close relationship between the increase in peak- flood height 
nd the increase in gauge for discharging the / same volume of water is 


pparent as only a difference of 0.4 ft exists. al 


3s At Onrrollton the gauge has been raised between 3 and 4 ft since a 


b> 2. 


B 


a ‘since 1904 has kept pace and offset ven effect of dite reduction, | so that the 
= in 1890. This of the slope by the enlargement i in 
* _ Sectional area | has made i it possible to increase the volume of discharge through. ; 
‘the Atchafalaya only by increased flood heights i in the Mississippi River. This — é 


definitely shown by the discharges of Atchafalaya River at Simmesport 


ay a for a high gauge of 50 in the Mississippi River (see Table 9, Items Nos. 13 

oe oo _ The distance from Red River to the sea via the Mississippi River is 310 


miles ‘and via the ‘Atchafalaya River, 125 miles. The shorter distance and | 


— 


steeper ‘Slope afforded by the Atchafalaya appears to be logical course for 
ante the Mississippi River to follow. This condition existed for centuries: before : 


- Man made levees, giving every opportunity y for the Mississippi River to — . Me 

advantage of this short route to the sea if Natute so desired Through the 
ne manner in which the river treats the silt load the shorter route to the sea is 5 oy 
locked and, in addition, makes it necessary to increase the head to increase i os 
the discharge. The discharge of the Mississippi River at Red River Landing 
tog 35 000 cu ft per sec per ft of gauge. _ The increase of 6.9 ft in ‘gauge § since | 4 vie 
1882 at Red River Landing for a ‘discharge o of 1100 000 cu ft per sec —- 7 


4 


the — has cu ft per sec in 


| 
| 
| teas 
: 

7 
— 
— 
— 
— 
a a a increase 1s not available. | e head of the Atchafalaya is fixed by the water 4 
elevation in the Mississippi River at Red River Landing. Consequently, the_ 
] 

— 
| 
— 


increased 129 000 we per sec, due to this atiiied head of 6. a ft. The 


‘combined loss in discharge capacity of 111000 cu ft “per see r results from 
‘The Mississippi iver hes itself to the hydraulic theory and 

 tmawensed: ite: slope as the volume has been diminished through diversion. a ay 

Likewise, the Atchafalaya River has conformed itself the hydraulic theory 
and “flattened its ‘slope | as its. volume increased through diversion. It 


“obvious the vicious of conditions set through unrestricted 


treatment: o of the silt load by bearing stream is is 


agency of adjustment to changed conditions. ‘The: detrimental effects ‘resulting 
_ from: this power to > adjust itself to changed conditions i is reflected clearly i in the a, o 
s oss in ‘discharge | capacity of the Mississippi River at Red River ‘Landing due 


3 to unrestricted diversion at all stages. By eliminating diversion below bank- © 
x, 


5 full stage al major portion of this power of adjustment i is overcome as it will ue 
eg disturb to a minor extent the greater portion of the : silt, load that is handled — te. 


; along the bed of the channel. | _ Furthermore, the agency | is provided | for waters 
below bank-full stage, acting for 365, days” to clean « out any deposition’ of silt 
- left after the short duration of over- -bank diversion. This method of diversion aes 


4 will practically restore the channel to its original discharge capacity ‘and so te 
maintain it. The slight loss in cross-sectional area during overbank diver- 


4 


sion at Pointe a la ‘Hache and the | fact. that overbank diversion occurred 


3 of th 


cause ‘the ill | from diversion at below bank-full stages. 


Mir 
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AMERICAN. avert 
iT Founded November 5, 1852... . 93 9 


— 
The ‘design of the All- American Canal, which will divert 15 000 eu ft 


sec > from the Colorado River, required ‘a ‘a thorough ‘study of stable channel 
nflicting and ‘unsuitable for the 


unusual conditions on this canal. & ‘These data were analyzed ‘and conclusions 
were di drawn regarding the various fac factors controlling s stable channel ‘shapes, 


re sides must neither silt 1 nor scour. To establish these conditions the engi- 
“neer must consider a number of factors. 


eet ae a The problem of controlling sloughing or sliding i is not treated in ‘detail in 
this paper, since stable ‘slopes for the various soils: are comparatively well: 
a known. To prevent: scouring or ‘the ‘accumulation of silt in the bed, it is 
necessary that the velocity along the bed is sufficient to move all’ the 


a 


; brought into the canal, and yet not be so high as to cause the subgrade of 
canal to scour. Flowing water will not attack the ‘subgrade ‘unless its 


Velocity i is more | than ‘sufficient to move the material brought into the canal. 
Re ‘excess of velocity over that required ‘to move ‘this material, which {will 


attack the canal subgrade, depends upon the material of which the er A 
In order that the banks 1 may neither 'silt nor scour, the velocities 


them must be sufficient to ) prevent deposition but not sufficient to ' ‘cause the 


material of which they are composed to scour. From practical standpoint 
8 slight degree a of silting on the sides is not especially detrimental, x 80 ‘that 


the important requirement is the prevention of 8 scour and “excessive ‘deposi- 
tion, The maximum allowable velocity along the banks ‘depends upon ‘the 


material of which “they are composed. “The material ‘on the sides is ‘also 
acted - “upon. by the force of gravity, ‘which 4 assists the water in ten ding to 
cause | motion. The sides, therefore, | will scour under velocities less than 


ven 


— 

a 

— 

is 
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Nore.——Discussion on this paper will be closed in February, 1936, a 

of Hydr. Eng., State Univ. of Iowa, Iowa City, Iowa. 
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The the velocity acting on the sides and ‘that on the bottom 
ey depends upon the ratio of the bed width of the canal to the depth. The greater 


latter ratio the ‘greater will be the ratio of the velocity acting on the 


oye bottom to that acting on the sides. “The bed width- depth - ratio “required for a 

stable- channel is that which~ will bring- the proper ratio of velocity acting — 

bottom to that acting on the sides. Conditions that require high 
velocities acting on the bottom, as compared with those that may | be per- 
mitted to act ‘on the sides, require | high ratios of bed width to depth. For 
~ example, canals that carry a heavy bed load in friable material require high _ 


- velocities on the bed to move the load and low velocities along the banks to id 


prevent cutting them; in n other words, such channels” require a hig ratio 


bottom | velocity side velocity, and, therefore, a depth 
a ve ratio. Canals with small bed loads in friable material do ‘not require : such - 


“hi high velocities along the bottom to transport the bed load and, therefore, the 


bs ratio of this lower velocity, Vs, to the permissible side velocity, Vs, can be 4 
smaller. The correct ratios for other conditions can be. determined by the 


application of these principles. _ Paper records an ‘attempt “to outline 
major that control stable channel shapes and velocities. 


_ The All- American Canal i is planned to take water from the Lower Colorado o 


a ied anid 0 carry it to the lands lying i in the Imperial and Coachella Valleys by 


eee a route lying entirely within the United States. The Imperial Valley i is now 
fa (1935) irrigated from the Colorado River by a publicly. owned canal system, — 
Sigs of which a large part of the main eanal lies within the Republic of Mexico. ‘ee 
The « difficulties of administration, and the undesirable silt. con- 


ditions with the existing canal led to the instigation by the 


aS United States Bureau of Reclamation of the new All- American Canal roject 


to be built. entirely within the United States, which, has been approved by 


18 ray tdecet:! a 
_ The. Colorado River i is a very. silt-laden stream. It. as a discharge vary- 


ing from 2 500 1 to 190 000. cu ft per sec and a suspended silt content. near the _ 


intake of the proposed canal averaging 0. 90% by weight, and, at times, ‘reach-— aa 


ing 5.40 per cent. The suspended | silt is extremely fine and the bed silt | aver- 
ages about 0. 10 mm (0.¢ 004 in.) in ‘diameter. The river slope i is approximately 
ft per: -mile. ~The use of this very silty water in the Imperial ‘Valley has 
led to great difficulty and an. expense estimated ‘at approximately, $14 400 000 


per yr. for dredging, canal cleaning, and land leveling. 


ted Before. the All- -Ameri rican Canal i is finished, it is expected that the Boulder _ 
Gee 303 ‘miles above the proposed head-works, will be completed. This dam 


re will be 725 ft high and. will form a reservoir, with a maximum ‘capacity of ; 
2 500: 000, \acre-ft, in which all the silt brought down to the reservoir will ‘be 


4 deposited. ‘ "Another dam will be built 155 miles above the intake, which will 4 


stop practically all the silt coming from above that Point. The silt that 


reaches the. intake, therefore, will be only that picked up from 
. bed of the river below the lower dam, and the small quantity brought. in ee i 


the tributaties to the river, between the ‘lower dam and’ th 
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elaborate desilting works will be built to r remove the coarser part of the: silt 4 


_ load which will be carried into the canal. - Consequently, the silt load in the 7 
canal will d differ. greatly from that now carried, “and will create different 
= 


stable channel shapes. To determine. the shape best adapted to 


= condition a thorough study of the subject: was made, the results of which are 
symbols introduced in this paper are defined ; as. follows (the ‘English 


system of units being used unless cated) 


: d = depth of flow; dg = depth; Wit sk? 


a subscript denoting ‘ ‘mean’; 

in a formula of the Kennedy type; 

a subscript denoting ‘ ‘near the sides” 

area of water cross-section; 

breadth, or width of channel ; B, = width at 


+= mean channel width; a B, “at or near 


te 


a2 


2 


Wil 


History 0 oF ow 


Fe Most of the study of the problem of non-silting canal sections hha, been 
poe made by the British engineers" in India, in connection with the | large i irriga- 
ch tion projects of that country. von certain amount has also been done i in Egypt, ie 
ae in connection with the irrigation works o on the Nile. Thus, far, , little mit 4 


83 a been. contributed by the United States. In the last few years, however, a sur- 


3 prising interest in silt problems has developed i in this country and it is now 
a being attacked from many angles by a number of research engineers. 


‘From ; this interest, oubt, future progress will become considerably more 


7 
The’ first, study non- -silting canal sections | was “made by Mr. 
Kennedy (1)*. His work is a classic in this field, ‘and has resulted in the 
saving of millions of dollars in reducing the cost of cleaning irrigation canals — 


in ‘India and elsewhere. Unfortunately, ‘like most outstanding studies, it 


came to have such prestige that for many years’ little further ‘progress: along 


iii 
| — 
. 
35 
| 
— 
— 

; average velocity in a section ; Vs, = velocity near 
Vs; = velocity near the sides; and Vo — critical 
— 


in ‘he? channels had become and several more which had. 
reached this condition. He: also gave the: “full supply”. discharge 


velocity y computed from this discharge and the full supply area.’ From these 1 
Ver 


which’ expitessed, ‘with accuracy, the relation between the critical 


‘mean velocity, Vo, and the depth, d, as i indicated by the results of the measure-— 
ments. For the Lower Bari Doab Canal, C was 0.84 and n‘was 0.64.. Kennedy 
Eo pert C to vary with the quality and quantity of silt, but thought n would = 
On Fig. 1 (with reference to Table 1) ‘is shown a line — 
giving the velocities corresponding to ‘the. various depths according to Equa- 
tion (1). The local conditions influencing these observations and Kennedy’ Ss 


Mean Velocity i in Feet per. Second 


FoRMULAS ror Non- SILTING, Nox- pi 


1895. isgued Set. of hydraulic, diagrams to. aid in the 


width to depth. in non- canals (5). ‘edition, of. “Hydraulic 4 
pe Diagrams” (6) was issued in 1907, in which Kennedy ‘reprinted the original ‘. 


paper ‘and added an extended discussion to o clarify : some of the obscure points" 


and to give the results of his experience since the first paper was printed, “ay 


_ Kennedy’s work. soon became extensively ‘used throughout India; ‘observa-_ 
tions were made, on the ditches: of other. irrigation systems and 
3 of other equations of the same type as those of Kennedy, were develop 
suitable to the various local conditions. One of these was for the 


Western Delta and the Kistna | Western Delta, in Madras (7). In 1913 a set 
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refers to the upper or lower limit of the data observed, which may spread over a considerable x 


Garrett which deals ue non-silting channels ( (8), ‘end which is ex tensive 


| 


TBS 


In 1919, results of an ‘extensive analysis. of canal dimensions of the 


4 | — 
ot} | 0.64 | G. W. Duthy. ..| Lower 
9 | 0.67 | 0.55 Kennedy. ...... — 
10 | 1.01 | 0.44 
| (0.93 | 0.52 — 
a 13 | 0.67 | 0.64 bere — 
| 1% J. M. Lacey....| Extreme. 
Upper... 
«1.33 | 0.61 Lower... — 
1.83 | 0.61 Upper... 
— 
— 
C — 


‘that, 


Woods (4) proposed | a general co covering velocity, , average 


Ane 


79% 


> 


2x logio x 1000 ble 


(2), @),: , and cover not only the ‘depth ana width, but also” 

the discharge and slope.: According to them for a given discharge there is a 
- single condition of depth, width, and slope that will produce a stable channel. | 


In 1928, Mr. WwW. Bottomley (9) advanced the idea ‘that irrigation | 
¥ channels would ba non- -silting and n non- “scouring if the slope of the canal was: 


— 


of the same order as ‘that of the parent river, regardless of the ‘relation of 
width to depth and the shape of the channel. In 1930, | an excellent paper on — . 
this subject (18) was presented by Mr. Gerald Lacey in which he advanced — 4 
the proposition that the wetted perimeter of stable channel was a simple : fune- fe 


fis a silt related to the diameter at: materi by the 


6), and (8), Knowing 
the flow, | Q, i in the ditch, Vo, and R can be computed. q 
Lacey also stated that the shape of a stable | channel 
_ ellipse, with its major axis horizontal, the ratio of the major to the minor a axis 
being” larger as the silt became coarser. Lacey’s ideas have been widely 


accepted in ‘India, and extensive observations are under way to study 
Tho af various” conditions on his silt factor, 


result of experience on canals ‘in is 


STABLE CHANNELS IN ERODIBLE MATERIAL ~—~PPaper 
these canals, Mr. Lindley found a critical velocity relation such 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
eae and that the sha e of the section depended upon the fineness of the silt carried, _ = ee 

i 
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— 
pare 
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units: 


ala 


a Egyptian canals. i> a result of further experience, Mr. A. B. Buckley (11), 
om develops the adjustment of Equation (9) for canals, of depths of 1. 6 m G 26 ft) 


‘and less, as follows: 


(10) is in English w units. In addition to the general 


proposed by various investigators, large number of ‘special formulas of the 
type have been developed. These fo rmulas are listed on Table 1 


_ SumMary or Previous CHANNEL 


The formulas developed for fall into two classifications : 


(a) Those giving an expression for velocity ; and those giving stable 

shapes. Those in the first elas are similar to the Kennedy . ‘formula, 

; Equation: (1). In most of these formulas n has been taken as 0.64, the value 

; developed by Kennedy. In all cases the value of CO was constant for a given 
ae locality or canal system. _ Kennedy believed that C ‘would vary 1 with both the — a 
size and quantity of silt, but did not jot emphasize the effect of ' the quantity of a 
silt as much : as the quality, a nd, as a . result, it has been largely’ lost sight — ae a 
of by other ‘students: of the subject. — He di did not believe that the value of n 


i A formula of the Kennedy type indicates ‘that the critical velocity i increases" 


ae 2 with the depth, , but experience shows ‘that a as the depth i is increased a a velocity a 
aa is finally reached at which the banks begin to erode. Kennedy believed that 
the limiting velocity was a matter of experience, and gave ‘limiting values & 
be: which ¢ correspond to depths of about 10 ft. - This had the effect of Node 


‘the designed to to these values. data 


They give a 


oF 


to depth and bed w idth, but no as qu 


quantity of silt. gives relations for mean depth, , velocity, and slope, 


but like Lindley m es no suggestion ‘that these relations might be influenced & 


quantity the quality of the silt. Lacey gives channel ‘shapes and 


“ velocities. introducing the effect of the size of the silt grain, but does no 


In order determine what velocities could be used safely in the 


Dat 


12313 

— 

aq 
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ig 
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q 
| 
a8 — 
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— 
__ other — 
er as of the Kennedy type were developed. 
- 
— 
me 
ff velocity, as determined from all avai — 
Velocity, as determined from all available observations on actual ditch 


x 


variation in critical velocity. The representing 8 data i is dhown 

heavier than others, variations range approximately from 46 to 

208% of Kennedy’ s results, or r the highest value over 450% of the lowest. 
> The local conditions under which most of these formulas were developed 
re not known in detail. In general, however, it is believed ‘that the , silt, of 


he Nile River is ‘finer than that of Ravi River, from which water is drawn a 
for the Lower ! Bari Doab Canal, on which Kennedy’s observations were made. 


‘The lower velocities found for the Egyptian canals, as compared with those 
iven by Kennedy are, therefore, consistent with the relation of Lacey’s 
Gia (Equation (6)), that finer material results i in lower critical velocities. 
t is also known, however, that the silt of the Colorado River and the tributary 


5 aF-4 2 Valley canals i is finer than that of the Ravi, but the critical velocities 7 


A comparison similar to oft the ‘eritical velocity Welations was made 


of the various {ormalas for the relation ‘of bed width to depth. The results " 


are shown on Fig. 2, which gives the relation of bed width for the principal 
formulas and some of the data. The Woods’ formula was expressed i in terms 


opt of mean width, and has been changed to terms of bed width by assuming side : : 


4 


Wood's Equation Byrd 


Punjab, india (Kennedy Lower Bari Doab) 
ry India Western Delta) 


|S siopetof Canat 
“Lindley Be 8 q'*|D= Diameter of Particle 
00000 + | 


“data for “channels as -proposed’ by Lacey ‘(using 


side slopes of 2 to » for three sizes of material, are also shown. The finest ‘ 


Ren of these, 0.0025 in. in ‘diameter, is for material roughly corresponding in siz 
to that ‘composing the ‘bottom Imperial Valley canals. 


ical side slopes, 


\ 
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Data | ‘are also given on canals in the Godavari Western Delta and some values 
from canals in ‘the Imperial Valley. ‘The data from Egypt were in 
the form of a general equation n by ‘Molesworth and Yenidunia, which is’ ‘inde 
Be ‘pendent of the slope, and an | equation which i is dependent on tl the slopes, four 


‘slopes being giver.” For depths rad than 1.62 m- (5. 82 a modification of : 


on data’ which have been sinee the other formula was 
Depuit Section, said to be widely used in Egypt, is also shown. 


These data for bed width- depth relation s greater variation 


‘the Molesworth- Yenidunia formula without the slope factor, gives a bed width — , “4 
of 6.4 ft and the Lindley equation gives 50.0 ft, or a ‘ratio of maximum to oe 


minimum of 781 per cent. ‘Some of the Imperial alley data | indicate even 
higher ratios than those given by the Lindley formula. The wide range does: 


fe not seem to be due to variation in the size of the silt because, although the 
 _—Egyptian data are believed to be for finer silt than the Indian’ data of Woods — 


a and Lindley, ‘most of the Imperial ‘Valley data, which are also for fine silt, a . 
give even higher bed width-depth ratios than those of either ‘Lindley or Wood. 


Factors AFFECTING CHANNEL Suarzs’ eed) 


As a result of ‘the 1 wide range of critical velocities and bed width- depth — 
“relations found | on the canals in the different parts of the world, and the lack — a 
of any readily apparent consistency in the variations, it was clear that if the 


tag 


factors controlling this variation could not be determined it ‘would not be 


safe to adopt any of the relations given | by existing formulas for r the design of — 
the: sections of the All- American Canal ‘Although these formulas no doubt 


“ vide workable relations for the conditions: for which they were developed, ‘these 


dition 
~ conditions, have not been delineated sufficiently to enable them to be ap plied eat 

elsewhere.’ In general, also, they were developed empirically from a very 


limited range. of conditions, and in most cases they omit important factors 


ne 1th To. develop 2 a rational hocks for the sections of the All- -American Canal, it ee 
Was necessary, therefore, to attempt, to go back to the fundamentals and try to 


JMU 


make. ‘an. analysis of the. factors controlling the shape of a stream cheney 


erodible material, and. their relations to each other. 
ie The following isa list of factors ‘that may enter into a determination of Pe 


stable channel shapes: (a) Hydraulic factors, (slope, roughness, “hydraulic 
‘Tadius or depth, mean velocity, velocity: distribution, and temperature), (b) 
% ae ch nnel shape (width, depth, and side slopes) ; (e) nature of material trans ps Ao 


ported (size, shape, specific gravity, dispersion, quantity, and bank and sub- 


grade material); a and, (d) miscellaneous (elignanent, . uniformity of flow, and» 


aging). older Init: oo i vlixo avi Hoa wl at 
/ In arriving | at a rational solution of the ies of stable channels. it i 


“necessary to > consider all these factors, and to determine as accurately . as Dos- 
‘sible which ‘of them are of major. importance, and which are. minor or negli- 


“By determining first the ‘elation between “major factors it may be 


Ip: 
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Ag _ possible later to study the effect of. minor factors,, me until the major. oil 
_ tions are known, the data available are only a collection of miscellaneous facts — a y 


uo Of the hydraulic factors, _the slope, roughness, hydraulic radius, and mean 4 


ane interdependent and with reasonable certainty their relation is 


_ known quantitatively through the ordinary velocity formulas. & It; is true that 


the effect of the movement of material i Lin suspension and by traction upon the : 
roughness" is not definitely known and more information on. this: point 
needed, but compared to the uncertainty in other phases of the problem, _ the io 


relations « of these four ‘items is so well known that for the purposes of this 


is not well ‘established and must be studied further. 
+ epohie will be shown ‘subsequently, ‘it is believed that the velocity distribution, 
oe as well as the mean velocity, is of primary. importance to the problem and that ; 
Koh it, together with the channel shape factors of width and depth, exercise an 


important influence on stable shapes. The side slopes are relatively unim- a 


q 
4 


tae ‘Temperature has been’ suggested as having an important effect because it 
. influences 1 the visc..sity of the water and, consequently, the rate at which ‘solid — 
"Particles settle. That temperature might have some effect cannot be ques- 
ee wed tioned, but it is probably small, from the standpoint of stable channel shapes. 
is ao a Most of the data were collected i in warm countries, , comparable to the locality — 
0 of the All-American Canal, and the temperature variation ‘although | it might 
cause some difference in settlement rate would not, ordinarily, be enough, 
when averaged over the year, to cause major ‘effects. For many sizes of silt 
effect temperature on settling rate is small. Moreover, it is possible 
the | tractive force, which is not appreciably affected by’ temperature, is 
1 the ‘most importan nt factor in stable channel shapes, and, therefore, tempera- _ 
es ture effects are relatively unimportant. In any event ‘temperature data, which 
‘would enable an analysis of its effect to be made, are not available. 
tS Nearly all students of the problem have admitted that the size of the 


"material transported is of major ‘importance. The shape doubt a an 


show that particles are moved by only slightly higher velocities 


‘80 wy influisnes ‘not Be investigated, even’ if was 
desirable t o do so. Specific gravity of the transported ‘material also has its | 
effect, but since it rarely varies much from 2. 65 ‘it is of ‘secondary ‘importance. 


No data on this subject would be available, even if it were desirable to study 


them. dispersion of the ‘by f the electrical car- 


is active only in the case of very fine material which is 
‘not much of a factor in stable channel sections. In this | case, panies me data 


‘“aeee quantity of ‘solids in motion is an important factor in the shape of a 


nnél shapes, and has” not received the attention that its importance — 
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warrants. Cases illustrating its importance ‘are’ numerous. For. example, it 
is a common in some irrigation systems to have the upper section 


aly draw, and for this fill to scour out later during periods of clear- ‘water 


E flow. In other words, the ditch is unstable, a at times being unable to transport — 
- all the material brought to it, hence filling up, and at other times transporting — 


4 


is more material than brought to it, and, therefore, cutting down its bed. Over 

long periods the ditches are approximately stable because ‘the two actions 

_ counteract one another. Another common example is the change from are 
stable condition which results when an sitection ‘sand ‘trap is applied a 
ditch that is becoming filled. There are also pumerous cases in _which the 


-; channel of a natural stream is stable but begins to scour severely when « a dam 


are resistant to scour, higher velocities. can be used than if the material 


g friable. Alignment is is another factor to be considered, because bank scour 


‘2 portion of the time at part capacity, this must also be considered i in the design 
Another factor that influences the ‘stability. of an ‘irrigation, channel 


what i is commonly termed “aging.” After water has run for some time i in 
tt channel, the particles composing the bed arrange themselves in such a manner a 


that they, are more difficult to 1 move than when the water is ‘first turned in. 


a, . the water is silty, this material forms a kind of weak cement. which binds 
the bed material together ‘and makes it more resistant. 


In addition to the era listed herein under the. heading “Factors Affecting \ 


Channel Shapes,” if another of relations enters into ‘the ‘selection of 
_ the best channel section in any instance, which depends upon the conditions ait Aa 3 


Wr “Lg 


oy Canals for conveying water for ea or power ‘are usually designed to 


meet one of three sets of conditions. The first type is encountered when itis = 
desired to | ‘use the lowest practicable velocity, in order that the slope may be 
teduced to a minimum. In the case of power canals ‘this is done to obtain 


greatest feasible power head, ‘and, “irrigation canals, it is done to 
énable the ditch to command as much irrigable area as possible for a given 


ength. A’ second type of ‘conditions is. met in both power and irrigation 
canals: where it is desired to “reduce the size of the canal _to a mini 


m, in order to make the cost small as possible without making the 


‘slope steeper than necessary. This: requires that: the velocity be ‘made 
great as can be carried without : scouring the banks or bed. A third condition 


is met : in irrigation canals where it is desired to carry ‘the ditch on an ‘ow 
‘ment that has a slope as steep as possible, 1 in order to reduce the cost of drops. 


within the limitations of cost and en The second aims to ont the highest 


Wo 
j 
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a 
ah 
4 
i= 
ag — 
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m practical velocity — 
— 
“ie 
ims to dissipate as much head as 
eee ble loss of head. The third aims rr 


radius to a minimum and the slope for:a given to a Maximum, 
group which any particular canal falls, therefore , indicates limitations 
3 which are likely to control the best channel shape, which must not be exceeded 


while still being subject to the influence of the. 


ac channel to ‘be: perfectly st stable, it must not fll or ‘scour on either — 
- the banks or bed. The banks must also be stable against’ sloughing or sliding. 


To meet the. ‘non-filling requirement, the velocity. must be enough to. flush 


away all the solid material brought into ‘hip section by the flowing ‘water! 


To fulfill” the. non- -scouring “requirement, the velocity the’ bed or ‘at’ the 


‘banks must ‘not be great enough to scour the material ‘of which they are F 

composed. To determine a stable section for a set ‘of conditions it is ‘neces- 

i ‘sary to determine the various relations which will cause velocities at the banks x 
and along the bed that will bring about these SHUEY 


silt carried into a ‘section of canal» may be cc omposed _ entirely of 


fine material, which is easily moved ‘by eit! may ‘be’ ‘composed 
entirely of coarse material, which is ‘moved only ‘at relativ rely high velocities. 
‘Usually, however, it has a graded composition varying from coarse to ieae 
Fe If all the material is very” fine, ordinarily it offers little practical ‘difficulty 
because the velocities required i in the ditch to meet conditions of economy are P 
sufficient to keep it in. motion. the material is gr graded, the fine material 


moves in. suspension and the coarse material is rolle do along the bed. — Tf all ¢ 
he material i is coarse, all of it may be dragged along the bed, and little if any : 


be earried in suspension. — Since ‘the « quantity. of the bed material that can be 


‘moved depends upon. the velocity near the bed, ‘to obtain a Stable channel, the 


velocity. along the bed must be greater for larger bed loads. This may require 7 


a higher velocity along the bed than the material in ‘which the channel was a 


built would stand from ¢ clear water, the entire ‘energy of the water 0 on ‘the 


Bottom being expended i in dragging along bad bottom the material which has 


However, i the velocity. along 
a bottom exceeds that. necessary to bed load, it will act on the 


Mi 


ubgrade of ‘the. _channel. To have a stable channel, the. subgrade 


must be sufficiently tenacious to resist this scour. Summarizing this relation, 


t may: -be stated that the velocity along. the bottom of a stable channel must 
be sufficient to -moye the quantity of material supplied 1 to it, but not so 


as to scour the subgrade. 220 edt vary. ob. sak 


; . The. material composing the banks of the. canal i is acted upon by two. ee 
tending to produce motion, - One of these i is gravity, which tends to make the 


» 


material roll or slide. down. ‘the sides. of ‘the ditch. ‘effective gravity force 


The 


magnitude of this force ‘depends: upon. the 
g h 


The force of rity and the force of the stre 
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er through the canal, 


shown that such channels are not stable. 
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canal, and when, the resultant. of the two, forces is s 


bed of the stream, or if fine ‘enough, is s carried off j in suspension by. te! water. 
_ The slope of the bank must be sufficiently flat so that the component along it, et 
a the force of gravity, when combined with the force of the water, is insuf- — 


eee to dislodge the particles. _ Since flat side - slopes cause a smaller com- 
4 5 ponent of ‘gravity, therefore, they h have less. | tendency to scour from this cause. 


cases involving the determination of ‘stable sections 


are those “required to convey clear ar water. the water “carries | silt ‘in! 
x "suspension or drags: a load along the bottom, there are added complications. 
Therefore, the > simplest cases, with clear water, will be considered first. When 
the smallest practical slope is desired, it is ‘usually considered that the 
is secured. when the wetted perimeter is least | in proportion to 


area, In tr trapezoidal channels’ this. occurs with a ratio of bed width to depth 
anging from 2.0 to 0. for side ‘slopes between the vertical and 1 on 
These values give the most efficient hydraulic section, but since this considera- — 
tion neglects a any excavation above the water line the flattest + slope for a given 2 


™ 


Thus, ‘maximum 


ook ie stable channel for clear wate r must have banks ° with. sufficiently flat t side 
— to keep the | material from sloughing o or + rolling in, and sufficiently low | 
velocities to keep the banks and bed from scouring. previously stated, 


Bere 9 the material on the banks is acted upon by the ‘force ‘of gravity, as well 
as that due to the motion of the water, it will not resist as high a force from 


the motion of the water as the reese ces gravity does not tend to produce 
“ae the mean velocity in deep channel is low enough ‘that the 


forces” acting on the side material are insufficient to move it, and the ‘sides 


stable from sloughing, ‘the channel will be stable. In other words, narrow, 


dé 
eep channels can be used with ‘elear water and low ‘velocities. Ordinarily, 


however, considerations of ‘cost prevent the use of the large canals, necessary 


to produce low velocities. _ For such a channel a cross- -section must be selected 


will give ‘yelocities along the bottom which will not “move the bottom 


ze material, and velocities along the sides which will 1 not move the side material. 


: Since the side material, , due to ‘the action of gravity, will move at a lower - 
’ locity. than that on the bottom, to obtain the maximum possible mean velocity 
without s scour the velocity along t the sides. must. be enough less than that along 


the bottom to offset ‘the ‘gravity e ect. This reduction of side’ velocity, as 


compared. with bottom 1 velocity, 4 is secu y - the ratio 
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tion: between the velocity distribution adjacent to a ‘a surface can be related 


4 exact analysis to be made. ic For the present, however, it i is sufficient to state 


“ae In Fig. 3 ‘are shown the velocity distributions in a number of deansiagilas! 4 q 


‘channels having ‘the cross- s-sectional | area. Most data were 


‘“Gsovels” (also called “isotacks”), or lines of 


velocity expressed i in terms of the mean velocity. (These data were obtained 


with different discharges for many of the examples. Although it is probable 


that the | positions of the isovels would change somewhat with different -yeloci- 


ties, such changes would be relatively sx 10t change the 


relations. Since the areas of all water cross- -sections are equal, the lines 
ne giving the same 2 ratio to mean velocity in all the diagrams represent the same 


Channel Sections Reduced to Same Area, 
te Velocity Distribution Expressed in Percentage 
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Fie ION OF TO VELOCITY IN CHANNELS. 


velocity. for any given discharge. study of, the velocity distribution | in 


"these sections will show | that high velocities "extend closer toward the sides 


n the narrow, deep cross-sections than in the broad, shallow ones. The 
science of hydrodynamics has not yet progressed to the point where the rela- 


quantitatively to the of ‘the water along the surface or to the velocity 
“gradient” adjacent to the surface; but progress: along this line As rapid, 
near future may bring sufficient advancement i in this ‘field to > enable m more — 


tO 


89° 


that when the high velocities gia close to a surface the pushing or dragging 


1an if these velocities close to the 


In a very narrow, yn section, ‘the ‘velocities ‘close to the sides are as high 


as, or higher than, those close to the bottom. BS the velocity i in such a a channel 


is “increased gradually, y, due t to ‘the added force of gravity ‘on the side material, 


‘motion would occur first on the § si ides. “ein ‘ia i 
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STABLE CHANNELS ERODIBL E MATERIAL 


ponerse of securing 


will give the smallest perimeter a given earthwork q quantity. This 
latter qualification will probably rarely control. The design of ‘channel 
2 for the second type of conditions, where the highest practicable erp le . 
s to be secured, is obtained by proportioning » the ratio of width to depth so_ 
that the forces tending to produce movement, both on the sides and bottom, " 


maximum they will stand motion. For canals in 


the slope ‘that might used. ‘Theoreticaly, there is no limit: to ‘the 
slope a ditch might be given because the velocity could be reduced to any 
desired value by making it sufficiently wide and shallow. a practical 
a - matter, however, it has been found that when the depth is made very small, 
irregularities of construction are such that scour starts. in the slightly 
deeper parts | of the channel and enlarges them, causing a greater. 


| ‘ery 


Carryine Soums ix 


a stream because of the vertical currents that occur in flowing water and ae 


art 
x the solid particles ‘upward at a greater rate than the force of gravity causes are, 


them to ‘fall. promising hypothesis. for the capacity of a stream to to /trans- 
port ‘material in ‘suspension, therefore, should be that the capacity is 


tional to its turbulence, which, in turn, is probably proportional to the | energy» Bs 
expended . The concentration of a ‘given quality” of solids which a ‘stream 


could . support, therefore, would be ‘proportional to the energy | expended per 


it of volume of the water. This energy is proportional to the rate | 


of the water, which is equal to the product of the velocity and the ‘slope. 


This is a kind of over- -all relation, however, and | silting may occur in one 
of a ditch cross-section while other parts may be scouring. Because the 


Bp ss near the edge of a stream flowing in a trapezoidal section is low, 1 in a 


-s annel ¢ carrying ‘silt j in suspension there i is a tendency to deposit at at that point. “ay 


This i is aided the growth of “vegetation, ‘and usually a berm is | formed which 
creates steeper sides to the ‘section than were originally constructed. 
_ material: s quite resistant to scour, and forms more or less evenly even i 
- ditches where there are high velocities. This action is not ordinarily very 
detrimental, and is ‘often anticipated allowed by computing the 
3 capacity” of the channel with the slopes which it | is expected the silt will =. 
cause, rather than the slopes to which it is first excavated. 
is probably not feasible to prevent entirely the deposition | of 
material along the edges of channels earth, although it may be reduoed 


trig 


higher veloc ities. The greatest: difficulties from susp ended matter 


fe nallest ratio of bed width to depth that -will not 
| — 
— 
: 
ducing scour, 1t 1s customary to make the section wide and shallow in order 
| reduce the hydraulic radius and thus lower the velocity. For such very wee, 
— 
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La 
— 
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CHANNELS 


itches where the. 80 slight that the 
sipated is insufficient to. Prevent deposit. The remedy in these 
é aL, 
cases is to increase the stam or to remove the suspended material in some . 


Irrigation < carry solid inatter’ by dragging 
or + pushing it along the bed, with either clear o or silt- laden water flowing anita 7 


ee load, in order to be stable it must move this load along; otherwise, the channel 

will become filled. ‘This requires a high velocity along the bottom, as oi: 

pared ° with a ‘channel’ carrying clear water. For a given quality” of material 

Ps in the > banks, the velocities that could act on the banks i in the two cases would | 

the same. To be stable, the channel earrying bed loads, therefore, should 

have a higher velocity along the bed; but the same velocity ~— the banks, 
nd this” eould only occur with ‘a wider, ‘shallower section. | a Heavily loade > j 
channels in easily scoured material therefore, should have high ratios of bed 7 | 


width: to depth. the banks of channel el are of is. 


‘material without the 
Colloids: carried in water exercise a considerable effect shape 4 


the channel | cross- -section. They cement the fine particles which collect 
along: the sides of the ditch and are responsible for the vertical or nearly 


rtical banks which exist in “many canals, This colloid ‘cemented material 
along the sides is more resistant to scour than ‘the size of material ‘would 


indicate, and thus permits higher velocities along the banks than would other- é 


be allowable. ‘To a certain extent also colloids may cement the Particles 
composing the bed an and make it more resistant to scour. is believed, hhow- 
ever that some of the ‘effet ascribed to colloids are really due to the presence 
of a high silt load. The ability of the canals of the ‘Imperial Valley, which — 

are constructed in ‘fine silt, to carry velocities of 4 or 5 ft per sec without a 


scour has been ascribed to colloids, but the wr riter believes that a large part of 


it is due to the “presence of the high silt load. When these canals are supplied 
by the All- -American_ Canal water, their beds will scour consider- 


ly, and. this would not be prevented by the 


ConcEPrions or Flow 


‘Toe engineers who. are familiar with 
and hydrodynamics, 
channel shapes may seem somewhat ignoring drag theory 
of bed- load movement and the conception of velocity gradient, it may appear 


that the ‘we iter has: not taken advantage of the best available ‘information. 
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material that. ese is 

are not familiar with recent ideas, however and ‘since a knowledge of them is 
ot necessary to understand the relations developed regarding stable channel» 


_ shapes, it was believed to be better to explain these relations i in terms of con: 
ceptions with which pre jaoan are e familiar, rather than to ‘make it unneces- 


ee _ The relations: sug, gested in this paper seem to “agree with the observed data, 
an shown on . Figs. 1 and 2. The critical velocity shown for ‘the Nile River on es 4 
F ce Fig 1 is much less than that found by Kennedy in India and also less than. ee 


that for the Imperial Valley canals. The quantity as well as quality of silt 
T 
is: an important factor in these cases. The silt i ‘in a both ‘the Nile Colorado: 


4 


ae canals. of Egypt b because the quantity, of silt is “much greater in a 


Imperial canals. The ‘critical velocity, for the canals observed by. Kennedy 
is: higher” than n those in Egypt, probably because the particles moved on ‘the 
were. larger, therefore, required higher velocities to ‘move, ‘them. 


he Imperial canals require more velocity than the canals by Kennedy, 


as although the latter have coarser loads, because the velocity required to trans- 
port: the i immense bed load of the fine Imperial | Valley sand i is greater than that te 
ecessary ‘for the lesser quantity , of coarser. sand of the canals mentioned ie 
x all similar agreement of the relations previously discussed i in found in cg 
ata on bed width- depth ratios as shown on Fig. 2.' In the canals of. Egypt. 
the ‘velocities are low and, therefore, ‘the velocities along the sides, 


Lee that will move the side material. The bed load is fine ‘and small in ‘quantity: 


é ee and, therefore, the low velocities along the bottom are sufficient to move it all. 
The Indian canals shown on the diagram: (Fig. carry medium loads of 
rather coarse, ‘material: ‘and, therefore, require rather wide sections. ‘The 
Imperial Valley éanals « carry ‘immense loads’ of fine sand, which require high’ 
Velocities to transport. order’ that t the "Velocities along the sides 


low enough | 80 that the banks do not “scour, ‘the bed width- -depth ‘ratio must’ 
igh. In three of the four canals on which data are available, this relation 53 


i 


higher than that indicated by the equations. either Woods or Lindley 


These had readily erodible sides. fourth, which had a lower bottom 
io, had sides ¢ omposed of material “which had. considerable 


‘The three sections with easily ‘erodible ban gave widths con- 
siderably greater than j is indicated by. Lacey’ 8, formula for. the type of silt which 


_ they contained. It is | believed that Lacey’s formula was based on data from, 
é 


canals. wh h loads: considerably less “magnitude. oils ico 


, the most. recent pertinent literature — 
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The only investigator who has attempted a closer definition of the shape 


of stable channels than the bed width- -depth relation i bates (18): 
“That natural silt- -transporting have a to assume a semi- ‘3 
3 eS elliptical section i is confirmed by an inspection of a large number of channels — 
in final regime and an examination of cross-sections of sites, of 
‘rivers in n well- defined straight reaches of known 


axis horizontal, and with . the ratio of the 1 major axis to. the semi- minor axis 


A convenient ‘way comparing channel cross- is by m means” ‘of a ratio, 


which may be called the “form factor,” ” between the area of the channel sec- a 3 


tion, up to the water surface, and the area of the enclosing rectangle. - For : an = : 


50; and a ree ofa large of. cross-sections 


channels carrying a heavy Toad ‘of silt, ranging from colloids to ine 


observed by Kennedy were reported to have practically ‘vertical: sides and * 


ust what shapes for stable channels are e produced by of con- 


carrying a heavy load of ‘graded silt, ranging from colloids’ to fine 
sand, the sections have nearly horizontal beds composed of the fine sand and 
aaa: vertical sides of ‘silts and clays. ‘is Such channels have form factors of 9 
about 0.90. This i is the condition on the canals of the Imperial Valley. ‘This | 
difference the composition of the bed and bank ‘material has ‘also been 
observed in India. Similar conditions result in channels carrying 
ind a m e For a channel carrying 
water ‘containing a small quantity ‘of silt at ‘high! velocity: 3 in a material con- 
. considerable 1 number of cobbles, the cross-section is distinctly saucer- — 


shaped, most of. the section being ‘covered with. cobbles, but with a 


silt berm at each edge. This condition was ‘observed on some of the ditches p 
on the Uncompahgre Project, in Colorado, a and in the San Luis ‘Valley, in 


One ditch that was s carefully measured, had a form factor of 0.85. 


| believed that farther stud ly will disclose shapes for a | number 


in the flow, ‘they | are » to carry. Some ‘canals fill at ‘one time and ‘scour “out at 4 
another, a substantially stable channel resulting from the balance of 


and fill. Many of the data which can be secured on - stable shapes are com- 
plicated by this discharge + variation. Nor ules can b 
such cases. Until the problem of the simple case of 


flow is is | obtained, the more complex case of variable flow can be attacked only, 
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NELS IN’ ERODIBLE MA ERIAL 


by. the application of engineering judgment on a knowledge of existing 


conditions and available information regarding shapes for uniform 


ae In the investigation leadin g to this paper many discussions of the problem 


Were” studied and many helpful suggestions were ‘thus secured. With 


writer has combined his own ideas. It is not always possible 


definitely which were original and which were ‘secured from literature. ‘The | 


‘Papers on 1 the subject which have been found ‘most useful have been 


the writer ‘particularly, indebted. He also indebted to OC. A. 
on 


M. Am. Soe. C. E. and J. Stevens and S. P. Wir ing, Members, Ay 


C. -E., for many helpful | suggestions. 


by; and constructed direction of the Ss. Bureau. of 
designs and investigations of ‘the Buiest of Reclamation a are under 
direction of J. L. Savage, M. Am. Soc. C. E. All engineering and 
struction work is under the general direction of R. Walter, M. ‘Am. = 
re C. E., , and all activities of the ‘Bureau are under Elwood Mead, M. Am, 
Soe. E. The writer wishes to express his appreciation to 


of the Bureau of Reclamation for permis ion to ‘publish these data, 
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THE PANEL - DEFLECTION ‘METHOD 


= 


‘deflections of trusses. In principle, the method is similar to t at of 
computing the deflections of beams, use being made of the distortions of 
ae ‘the individual panels, In this meen, the ‘deflections of all the panel Points Be 
a truss can be computed with | a considerable saving work over ‘other 
analytical methods. Therefore, it 0 offers: material advantages in 


APPLICATION OF THE 

To compute the deflection of a point of a beam constant moment 


with reference ‘to ‘a tangent to the elastic curve of, ‘that beam, the 


sum is taken of the products of ; the angular» change of every vertical section, 

4 multiplied by its distance from ‘the point. _ If the moment of inertia of the a 
is constant, it is necessary to divide the beam into longitudinal 
sections ‘of lengths corresponding to the different. moments of inertia, In 

oi this case, the deflection of the point ‘is computed by taking the sum of the 


vertical distortions of the different longtitudinal plus the sum of 


Take ‘the products of the angular distortion of each section, multiplied ‘by the 
distance of the section from the point. It is evident. that. same method 
ean be used to compute the deflections of a truss by utilizing the distortions _ a 


the individual panels of ‘the truss. ai 


P. deflections | and angular’ distortion of every panel are computed. — In Fig. 1 
ABCD represents any panel of a truss.» The origin of deflections is 


or ‘sidered : as being at some panel point to the right. Re The point, A, and the = 4 


AB, are taken as reference point and direction from which panel distortions 4 


measured. triangle, , ABO, will be called the deflection triangle, 


Nots.—Discussion on this paper will be closed in February, 1936, Proceedings. 
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“point. The ‘of C are poser weal the 
length of the members: of the triangle, ABC. The vertical deflection at 

ef is the vertical deflection at C plus or minus ‘the change of length of CD, 
as. -which is also a member of the deflection triangle | of the panel to gr tage 7 
‘The angular distortion of the panel is the angular rotation of CD, due — 


Me 


horizontal deflections of C and . The ‘total vertical deflection of any 


deflection point is the sum of the all the 


‘points taken from the origin to and including the point in question plus 


‘the sum 1 of the “products of the angular: distortion of each panel multiplied 
by its ‘distance from the point in question taken in the same way. The 


_ total deflection of : any ‘secondary point is | the deflection of the corresponding 


= length a member of a = 
in. length, + , denoting an increase and — denoting a 
decrease ; the stress in Member c resulting from a load 
-of 1, ora bending moment of 1, applied to the panei; Seal me 
length of a diagonal member of a deflection triangle; d’ 
in length, - denoting an increase and - 
ke denoting a "decrease; a = the stress in Member d £ 
from a load of 1, or a bending moment of 1, applied to the — P 


es = length of a chord member at a secondary Point; = ch 8 nl 
enti in length, + e’ denoting increase and — 
number of panels, counted from the origin; 
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= length of vertical of a deflection triangle; 


change i in length, denoting an increase and — 


_— from a load of 1, or a bending moment of 1, applied at a 
= length of a vertical “member a deflection point and 
secondary point; = change in length, — v’ denoting a 
decrease, and + v denoting an increase, in length; 
length of a vertical projection of a diagonal ‘member; 
number | of panels from the | origin. to any deflection point ae 
secondary point between the origin and the nth panel point; = 
distance of any panel point n panels from the origin 
te “Tere above or below a deflection point x panels from the origin, ; 
+ y denoting distance downward and — y distance t upward — 
from the zth panel point. = 
modulus of elasticity ; TE 


point or a point, distant n from the origin; 
z = angular distortion of a panel with reference to Member AB; 
S= total axial stress applied to a member; 
a subscript denoting “total”; 
A: = =v ertical — of Deflection Point C with reference to Point 


es | 
Point (+ vw) — (+ vertical 
of "Secondary Point D with to Point 
$= change in length, c’, d’, etc. 


will be utilized. To derive the formula tha at Point C, 


and, 


+2 (4 +(c’c +d'd)+(twu) 
C is to Fig. 2, thus: 


——_—_—_, respectively, and, 
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ints 
‘he a 


Hr = + R(+y) 


pac 


which Equations (1). to (6) “have 


A indie ates deflection inward and A, deflection outwar 


with re respect to the truss; + indicates deflection away from the 


point and — H, toward. ‘the reference point; and, Rk indicates: left-handed 
rotation if acting to the left of the reference side and right- handed rotation 
if acting to the right: of the reference side, and —R is the reverse. 


~The formulas. for panel distortions are very simple in form and com- 
position. | ‘There ate five terms involved for each panel, the products, ce, 


When these terms have been computed, the evaluation of the 


‘formulas to. determine ‘the total deflections, is a ‘simple matter. Two short 
ex examples, are 0 offered to illustrate the application of the method. loads 
indicated are in 1 kip being equal to 1000 tle d 

for the 1 


are. 0, 3. of A fe of 0 from 2, 
from 3, and 38: 5. 


The. signs ¢ © 


— lar distortion of Membe ad 
angular 
u 
 @ 
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— 
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— he manner in “oak 
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3 
Hection of Foint 1. 
gth ot Member 1-2 to the deflection tward, 


of is plus for an inward deflection. In nges | “th 


has been used, this being the variable factor. The constant factor, - 


ist applied in the final calculations. The ‘calculated deflections are upward 
- from Panel Point 5 5. These are transposed in the last two columns to give 
deflections downward from Point 0, in inches. 


_ TABLE 61 oF a 180- Foor Simple 


‘ 
c 


deflection, 
30 000 


hes X 


3 
3 
8 
a 


z=1) 


Pointi(R 
10.9 and 
z= 2) 


Change in length, 
Equation (6) (i 


~~ in ine 


ete.) 
Vertical . 
. 


3 the ‘horizontal reactions of the 200- ft arch shown i in Fig. are’ ¢aleul- 
lated. The stresses in the half. arch have been computed a load of unity 
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—Dacexsions, 200-Foor ArcH | (EXAMPLE 


Lenora ¢ ange in "Products: ‘Leavers. Changs in in 
Symbol In feet Is Symbol In feet ote 


458.25 | 10.0 


| 25-0 $1.39 «| (434.75 | | 20.0] 41.25 | +25.00° 
82-0) = 2. —83.84 |} 23 | » | 32.5] 


een u used $ in ‘computing the changes of length. ~The deflection points are 


1, 8,5, and 2 The values | of A are the deflections | downward of 1 from 3, 3 
. from. 5, ete. _ The deflection of Point 0 i is obtained by adding the elongation of 


4 a4 Member 0-1 to the deflection of Point 1. The horizontal deflection of Point O 
is obtained by applying Equation (5). calculated deflections downward 


- from Panel Point 9 are » transposed to. give upward deflections from Point 0. 

i. 


Dz- 


‘TABLE $x Reactions, 200-Foor E 
FLEcTION, Ar 


Product Ry, (Column (4) 


n 
feet, multiplied | 


Vertical deflection, 

A, in feet, mul- {| 
tipliedbyZ | 
Point 0 (Column (13) + 


Rpz(n—2), i 


iz) | as) 


-| _ Horizontal reactions, at 


+35 .03 +17.8 é +33.11) +90.69) 1.75 
+34:86] +92.44] 
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PANEL DEFLECTION METHOD 


Reacti 5 
eaction 


Stresses in Kips (Thousands of Pounds) 
8 Panels @ 200 


ii 
"simpler and more direct manner than other methods. It has the 

advantage of effecting a large saving in the work of computatio 
The principal d distortions are by means ns of which makes 


e the practical application of the method. not considered 
ecessary to include the extended calculations « of a large structure. 


Ee. writer, however, has applied the method to cme “a ay of most of the problems: 
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LATERAL P PIL LOADING TESTS 
BY ‘LAWRENCE B. FEAGIN', Assoc. AM. So 


sank. 


ae 
lateral loads. of timber and concrete piles, wall RES 
and, are described this paper. includes” 
descriptions | of tests on ‘single piles with heads not fixed, and on groups: 
of f four, _ twelve, and twenty Piles | with heads fixed i in concrete test monoliths. 


The field data are, presented i in tabular, or ‘graphical form, and the results 
discussed. view of the fact that. these tests were conducted in only 
% one ® type ot: soil, and in view of the many variables 1 involved, no 1 ‘mathematical 
It is hoped, however, that ‘the results of t tests conducted 
“Presented the discussion. 


Tock ‘ona Dam No. 26 on ‘Mississippi Rive, 


Al 


miles Up stream from St. Mo., 8. 8 miles “above the the 


s River. In 
addition a part of the 9- ft canalization ‘of the. 650- mile “section” 

f river below the “Twin Cities”- —St.. “Paul and Minneapolis, Minn.—the 
Pool above Lock and Dam No. 26 will also form a part of the waterway a 
rom the Great Lakes to the Gulf of Mexico. 

| designs of twenty- two of the “twenty-six locks an dams are entirely, 

+ ihn pet on piles, driven in most cases in ‘Tiver sand of varying degrees 
cf of coarseness, Lock and Dam N 0. 26 i is s founded entirely, on piles, and 
designed lift at extreme low water ‘of 52 ft is nearly ‘double that of 
any of ‘the other projects” founded on piles. ‘Under. the ‘twin locks’ there 
are. about: 14200 timber pil les and nearly 5.000. “concrete piles, and under 


the dam, about 18 100 timber piles. Although many vertical pile-loading 


tests have been ‘in soils, it comparatively few 
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TERAL PILE- LOADING Pap ers 


field been made of the resistance piles to ‘movement under 
lateral loads; such, for example, as those resulting from back- fill behind the 


land-wall of a ia on from ‘nies pressure on dams. It is hoped, however, 


that lateral loading tests made by others will be fully « described i in discussion 


of this paper. 


The general purpose sl the tests herein described was to secure data on 


movement, of timber a and concrete piles” in groups of various sizes when 
subjected to lateral loads. Ina as much as the design lateral load assume 
‘. un under certain conditions, for the piles beneath the river wall of the auxiliary 
lock, ‘is s 6. 5 tons per pile (which, i in general, may be regarded as ‘rather h high), 4: 
it was particularly desirable, furthermore, to determine the degree of 4 


of this assumption. . Information was also desired for use in designing the 


foundations for the piers of Dam No. 26, and for designing future locks 
dutiz. ty ebacl 


pa In order to simulate, as nearly as practicable, the actual loading con- 
itions that will occur in the completed structures, six concrete monoliths | 


were constructed on timber and concrete piles driven along the toe of the 


slope of the Illinois shore behind the land-wall of the main lock, as shown 
‘The: of were fixed, as in the lock- -W 
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by (0) ELEVATION OF MONOLITHS 


EVATION oF Test M 
The | cross- -section of Monolith 


No. 1 oa, esd of the foundation | pour. of the r river wall of the auxiliary — 
lock between gate- bays. The section includes two rows nine piles 
‘and a T- ft. width of 35-ft,. steel sheet- -piling. ‘There are six ‘concrete, and 


twelve, timber, piles. Monolith No. 4 was. superimposed on “Monolith No. 1 % 


provide vertical load approximately equal to that of “the river wall 


under the eccentric loading that occurs the auxiliary lock is filled 
and the river below the dam i is at extreme low water. A comparison 


the loading is shown 8. Monoliths- Nes. 2 and 3 are 
h o two of six timber piles. each, twelve iles to the ‘monolith. 
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Fie. 2.—VIEW OF ‘Test MONOLITHS, ‘Germ. River, Lock No. 26. 
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Bie. — 
“the monoliths the toe of the of 


the back- fll, it is believed that the monoliths: under test 


‘was not ‘materially by the “surcharge. 


: 
EquipMENT 


The “tests: ‘under. lateral load by placing a hand- operated 


jack of 350 tons rated capacity two monoliths and 


lateral load was 2.5 ft the base of monoliths for the test 


=, am ae Nos. 5 and 6, ‘and 2.0 0 ft above the base for the tests ¢ on Monoliths 
Nos. ‘Thus, the poin nt was at the 


bservations were ta by reading with a transit a rule held over the 
ack with its end against a point on ‘the center Tine of the monolith and 
2.25 tt below the top. "Readings were taken to the ‘nearest in in. Additional 
observations » were taken at the top and sides of each ‘monolith to determine 
whether or not ‘there was s twisting or tilting. of the monoliths. In genera 


he movement of ‘the > single piles in the foundation of the land- wall was 


which w were of a 


fir 


however, it was found that there was no _appreciable twisting or. tilting. 
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ASG ee. ll, with butts not fixed. Details are shown in Figs. 4(b) and 4(c). Be * 
st test on ‘the -monoliths “(wee Fig. 8(a)) was made by jacking 
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variation from: 3 no Toad to the indicated load to 


jacking Monoliths Nos. 2 and apart, 
ach < of which is supported by. timber piles, The load ‘(see Fig (b)) 
Was increased in increments ton ‘pile until load of 10 tons 


‘per pile was reached, which was ‘then maintained overnight, after w hich 
to 20 tons per pile. Following each increment ‘the load 


‘3 was released and the permanent deflection observed The results of this 
are shown in Table 3 and Fig. 


The third test was ‘made | by placing the Jack between Monoliths Nos. 1 
and 2 (see Fig. 8 (c)) and placing oak | struts between Monoliths Nos. 2 3, 


‘5, a and 6. ‘A load of 4 tons per pile, assuming the steel sheet- -piling a as 3 the 


equivalent of two was maintained | overnight. “then 
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‘alternated -from “tons” 53 cycles, “after w which it) 


in| Table 3 and Fig. 9 (c). 


to 10 tons and alternated from. to 10 to tons for 25 cycles. Tt 
maintained at 10 tons per vile overnight and again alternated from 0 to 10 


mote ‘the Toad was en, increased to a total of 366 tons, or 183 


morning of October i of of ‘the test on October 4, the 
around Monolith } No. was thoroughly saturated by hose which 
water was allowed to run continuously. The of this test are 


comparison of the deflection “ofthe single. piles and the monoliths for 
different it loads: is s given in | Fig. 10 It will be noted that t the | least 
deflection was shown by Monolith No. 6, on four ¢ concrete piles (see Fig. 
re That of Monoli h No. 5 on four 1 imber piles was - greater than that o 

Monolith No. 6 by of in. at 10 tons, and, for loads 1 from 25 to 
tons per pile, , the movement of the two monoliths was the same. The 
of the ‘monoliths at 4 4 tons was 4 and 


by ‘referring to Fi ig. 3 

load resulted in progressive deflection. In the of Monolith No. 53 
of load from 0 to 6.5 tons resulted in an increase in deflection from : 


‘in. in. to in., and 53 from 0 to 10 tons resulted in an increase 
from 4§ in. to #4 in. The effect of sustaining the ie load appeared te to | be less. ae 


frequent repetitions of the same load; 4 for example, applying sustained 


load of. tons for 48 hr on “Monolith No resulted in no inerease in 


deflection, whereas 53 cycles from 0 to 6. tons added fri in. to the 


The greater deflection of Monolith No. 1 “may have | been due, in large 


a "measure, to the fact that it was subjected | to 128 cy cles, whereas the other 4 ey 


Level readings taken on a point fix 


loads of 4 tons, or For loads of 6.5 tons this perthakent set amounted 
to fro om ys in. For maximum loads of 30 tons per ‘pile the 
maximum deflection Monoliths No Nos. 5 and 6 was 1} in n, and the permanent 
deflection, or. set, was in. Even under ‘such severe loading there was 


no definite failure, and subsequent did not distress 


monolith. . There was a a permanent set for 


Observations | taken on the up- 1 of Monolith No. 1 1 near 


base and at (of Monolith No. 4 indicated that there was no 
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the sizes of the pile’ that thei shear for loads of 6.5 
per pile was about 85 lb per sq it in., which is not 
In order | to determine the effect | of the size of the group of piles loaded, 
the movement of each monolith was plotted against the number piles 
in the group (see Fig. 10 (b)). _ For loads of less than about 6.5 ‘tons per we: 
pile the size of the group appears to have no influene ‘on the deflection, 
1 
whereas, for ~ “appears” to be lees for the smaller 
oa beneath the up-stream end of Monolith No. 2 to a depth « of 2.17 ft, the level 
pats of the line of saturation, , thereby exposing two of the timber piles. A careful | 
examination of these fle failed to disclose any indication of failure in 
fibers. ‘Plugs | were then inserted on 10- -in. centers in the -strea 
- down- stream sides of the two up- mobo The top plugs 1 were 8 in. 


below the base of the monolith (see g. 11). of an extensomete 
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‘on the >-stream, compression, and on the down-stream, 


tension, side, for various lateral loads ranging from 6.5 to 30 tons per pile. Fi es 
Ree In order to determine the modulus of elasticity - -of the ‘oak piles and va 
thereby determine: the fiber stress, the two piles were sawed off beneath 


the monolith, and blocks were > tested in t the compression machine in the 
Concrete Laboratory. The strain was” by means s of com 
Pressometer as shown in Fig. 12. In ‘Fig. 13 (bd) ‘is shown ‘the deri 
of the modulus of we was determined as 


and d in Fig. 18 (a), the fiber stress in ‘bending for various loads 2 as s determined a 


5 a: It will be noted that’ ‘the ‘fiber stress i in the compression side 
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ak indicate that there was a tendency to pull the pile upward which ‘partly 
n compression: side and increased. the ten- 
il on tension side. It i is probable that 
the strain measured may been affected 
by the fact that the plugs were inserted between — 
% the point of fixation of the head of the pile 
the point of contraflexure. The data shown 
in Fig. 13 are based on observations repeated 
with great care and are believed to be, essentially — 
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"correct. Prior to the time. that they were taken, 
| however, Monolith No, 2 had been subjected to 
lateral, loads from both directions during te 
tests. outlined herein (under. the head- J 
“Sequence of Tests”) with loads as great 
20 tons per pile. Under the maximum load of 


20 tons, with the jack between Monoliths Nos. 
‘and 3, Monolith No. 2 had received a ‘permanent = 
deflection, or set, of in. ‘These data 2 are. 


included, therefore, only: as a an indication of the 
12.—DETERMINING extreme fiber stresses» created ‘above the 
_ULUS OF ELASTICITY OF 
Bibex Cor Pua of contraflexure, following a series 0: of reversals 


baw It i is apparent that, although the observed 1 fibe 


: 5s et stresses under loads within ‘the range normally used for design ar are quite low, | 
: ell within allowable working stresses, nevertheless a permanent deflection 4 
ee was produced L by loads equal + to or exceeding about 4 tons per pile. JA possible 


ee is s that greater : stresses may y have been set up within the pile below 


nd we 
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“ee point nt of con raflexure not only i in bending 


_ of an upward force tending to pull up the pile. The point at which the clastic. ee 
_ limit is reached is somewhat conjectural, as lateral movement of the pile <9 


may be accompanied by a displacement of the sand which might fill a @ 
space left on the back k side of t the pile, ' thereby preventing its full return Bs 
ie its original position, - An examination of these piles at the base of the 


pe concrete showed that under load the bond between the pile and the concrete 
was broken on the down-st stream, , or tension, e pile, forming a 


in which the blade of a pocket-knife could be. inserted. N ev 
the head of the pile’ was still firmly held ‘in the concrete mM he sand was 
also. dug o out to the water-table beneath a part ‘of Monoliths Nos. 5 


after ‘the foregoing tests, careful: of both 


to a lateral load of 30 tons 
_ Plugs were then inserted, on 10- -in. centers, in ‘the up-stream and | down- i, 


of of the concrete ‘piles, with the top plugs 8 in. below 
ia the base of the ‘monolith. | The jack was again set, between ‘these. ‘monoliths; ; 
| and observations were > taken as before with an 2 extensometer. ‘Again, it was 


that the | ‘observed | train on the down- stream tension side excoeded 

= in the compression side The resulting computed stress did not reach 
600 Ib. per. ‘sq in. until the load was increased to 28.5 tons per pile. The 
“a Toad was then increased, to 40 tons ‘per pile. % Between 30 and 40 tons per pile 
circu umferential cracks develc oped in ‘the concrete piles, but there was 


o i indication of ‘distress i in the timber: piles, a all of -which* were ‘of oak. 
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- The concrete. piles, which 1 were typical of the concrete foundation | piles | driven 
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‘the win: insufficient ‘to permit the building up of a load 
400 fone: per: pile. When ram of jack was fully exten 
total of 10 in. . and Monolith No. total 


a ft 3 in. below the ‘top of the monoliths 


LITHS Nos. 5 at Lert, aNp No. 6 at RIGHT, oaom 

‘LATERAL OF 40 Tons Per PILE, WITH oF Jack EXTENDED, 


Monoliths Nos. 1, 2, and 3, contributed resistance to the movement of Mono- 
lith No. 5 Un der this ms maximum a Toad the ‘two concrete e piles nearest 
It was” ‘again observed that under load the bond between the ‘pile-head ar 

forming in which ‘the ‘blade o of a knife could inserted. Never 
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deflection of ile 


Monolith No. 6 
(on 4 Concrete Piles) 


Dia. of Pile | 
_at Fulcrum 
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Head Not 


A B Tested ¢ on Rack, Not Dr 


in the send one with head not fixed ‘and the witl 
heads fixed in 
and reinforced. "will be noted, as might be ‘expected, 


that the deflection at the 3 yield point | decreased quite rapidly a as 5 the’ moment 


rm was. decreased. 

When a load of approximately 30 was being applied during 
the final test, a it was found that a carpenter's rule could be inserted. toa 
depth of 6 ft in the space between the pile and the adjacent foundation 
sand on the side ‘of the hole nearest the jack. This indicate that 
the moment arm on the pile” was slightly than 8 ft, as the sand had 
« excavated to a depth of in, Probably the length of 


the second 
very nearly equal to the moment arm of the pile by” Curve 
Bearing in ‘mind the difference in application of load and of it is 
on up 


noted nevertheless that lo ads pr given deflection u 


“required to produce deflections in the wiles 
Monolith | No. 6. ‘Tt appears, therefore, that by far the greater part of the 
resistance lateral ‘movement was by the passive pressure of 

Pie, soil than by the resistance « of the pile itself. ; In view of the importance 


limiting lateral movements in structures” to a minimum, it is believed, 
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oncern, especially for about 10 ft below the base of the concrete foundation, 


as he line ae support of ‘the soil lies several, feet: | below the top of the soil. 


all tests a careful examination of all the monoliths 


"failed to reveal a ‘single crack ‘in the ‘concrete, with. the exception of | 
si) Monolith No. 5 5, in which diagonal eracks developed on one side near t iy | 


during application of the final load of 40, tons per Incidentally, 
i order to determine (as a matter of interest) the resistance of the concrete — 
to punching, the steel plate used throughout the tests to distribute » the load 


from the jack, “was removed after the lateral test between “Monoliths Nos. 
1 and 2 was completed load was again increased to 366 tons, with 


the 9-i -in. ‘ram of t ja ck bearing directly on the concrete, thereby . 
on an area of 63. or 11500 ‘per sq in, 


ny evidence of crushing the “conerete._ 


recognized that conclusions of a are 


extensive and conclusive tests under a wide variety of conditions. — T he 


ollowing conclusions, therefore, confined to the soil conditions 


iling arrangement under which the tests were ‘made: - 


4 tons per | pile should be allowed if the piles are subject t to fatigue by 


reversals of, load, or 4.5 “tons per pile if the load 


(b) For structures built, on timber piles which. a lateral "Movement 
of not more than in. is ‘allowable, a maximum lateral load. of not. 
4 than 6.5 ‘tons per pile, should be allowed if. the piles. are subject to. fatigue 


& by repetitions or 7.0 tons if the ond is. te be 


not more than } in. ‘is maximum oad of not more than 


by piles having adequate ‘vertical bearing 
subjected loads as great as 20, tons per pile, will "remain 


“vertical, when» moved in a horizontal direction ; 


Fixing the. heads" of. the piles i is. essential in order. to 


accurately, the movement of structures under lateral loads; _ 
4 


Frequent repetition lateral. loads: ‘results. in slightly greater. 


i yor (ff) For lateral unit loads as great as about 6.5 tons per pile on a group 
of, piles, varranged i ‘in two _Tows,. as under the. test. monoliths, the total 


resistance to movement increases n direct proportion to the number of 


(As the. lateral load ix increases about. 6. 5 tons per pile, 
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concrete | ‘wiles. of the type tested “Monolith No. 6 
i “permit Sncressing the designed 1 lateral loads given in Conclusions (a) 
nd by from 1 ‘ton to 2 tons per pile 


by the United States of the Twin Locks of Lock ‘and Dam 
No. 26, which were designed under the supervision of W. H. McAlpine, 
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‘AMERICAN. SOCIETY OF CIVIL ENGINEERS 


Bai 


Commas, oc. M. Am. Soc. Cc. (by letter).’ considerable 


store of valuable information on the lateral deflection of foundation piles is 


4 contained in this } paper. Ry The w: writer is fortunate in having had a _ number of ptt ail 
wy 


a opportunities to discuss these tests with the author and the t method | of analysis — “ 


herein ‘proposed w was developed for the 1 particular “purpose of attempting to 
check, , theoretically, the experimental data presented. 


Pe “ ‘The assumption is made that the upper end of the pile is ; embedded deeply 
enough in n the foundation to be fixed against -Totation. It is also assumed 


that the lower part ‘of the pile i is fixed and that some unknown length, e of 
how Fig. 17 
bent into a deflection as. ‘ig. 


4 


itive directions of ‘the co-ordinate axes are taken as shown and the a 
of reverse curvature is assumed to be at a distance of + L from ‘the top, at 


L 


which point the deflection is one-half the total deflection, 


_ Nore —The paper by Lawrence B. Feagin, Assoc. M. Am. Soc. C.-E., is published 
in November, 1935, Proceedings. This discussion is printed in Proceedings in oT that 
the views expressed may be brought before all members for further discussion. Th 
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pile is considered first, a column and the 


ra 


zx 


that the re aks conditions of ‘the problem will be satisfied and the resulting 
equation will represent the elastic veurve of the ‘deflected pile. The assump- 
tions as to the shape of the deflection curve furnish the following boundary 
conditions, from which these coefficients are determined: : (1) Since the deflec c 


= tion eurve As to have a a vertical tangent at at the top ¢ and at the bottom, the first 
derivative of Equation. (1) is zero at = 0 and at = L; (2) since the point | 


of inflection is to be at the middle of the qpemet part of he yee the 


second derivative of Equation (1) is zero. an d (3) the deflection 


at = These three sets of boundary conditions serve to estab lish 


oft ot bagotsvab: » 

which “Gs the eqnation: of in curve of the bent pile, 
ion (2) is then differentiated, successively, three, times. By using the 


Equa 
ential equation of the elast 6 Curve of a bent beam: 


vol i 


and substituting the cond 


similar the hes is obtained fr rom 


to the passive e resistance of the soil. It will be assumed ‘that this earth load 


Be at any point is equal to the deflection times the elastic modulus of 1 the soil. 


5 
_ Tt will also be assumed that the elastic modulus of the sand increases ‘Gisectly: 
8*“Drang und Zwang”, “von Féppl, Vol. 2, P 312. 
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by the power series: 
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ion (5) are shown in Fig. 17(b) and Fig. 17(c), respective = 
Poe Bok When the pile stands vertically in the soil, the earth p i ee 
— 


‘With: the positive directions of the co- -ordinate axes chosen 
as shown in Fig. 18, , the equation | of the modulus the soil may be 


n which U = the weight per volume 


soil and o= a. dimensionless coefficient 

determined by the elastic property. of the. soil. ~ Equation 8 
te ‘unit earth pressure on the front side 

the deflected ‘part of the pile i is ‘then ry 


in which y is the deflection curve of Equa- 


i git 
the “of this curve “not. materially 


changed the: earth Toad. This unit "pressure is: 


the total earth load is, then, 


ich when integrated, 


Wh 


earth pressure. curve in Fig. 18 is by Equation. 


-earth- load reactions are by the top 
and bottom points of the deflected part of ‘the: pile. Referring to Fig. 18, ‘the : 


T reaction at the bottom 


| 
[= 
by: 
— 
— 
> 
then solving for_z. 


pr 
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Ray tal 
The sum of these two reactions: is fol to ‘the | otal darth load as siven 
idw 


Ry 


H i 


To calculate the bending moments abd deflections caused by the earth load, 


i will be made of the method. of -Super- position.” _ Referring to Fig. 19(a), 
the ‘moment due to the couple at the top is:  e 7 


= 


- Substituting the value of 1 p from Equation (8) and integrating gives, — 


e moment due to the ‘couple at the bottom is: j 


. . 


The produced by the distributed earth load when the pile is con-— 


— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
BE 
— 
of Materials”, by S. Timoshenko, Vol. 1, p. 


CUMMINGS ON LATERAL: ‘PILE- LOADING TESTS 


- the two end couples, produce es the combined moment diagram m shown in in 


aS. In computing the deflections due to ‘ns earth load, it will be assumed that y 
the maximum deflection occurs at the center of the span although as has 
already been shown the earth load is not quite symmetrical. equation? 


the. deflection curve due to the couples at the ends is, 
= 2) —2)(2Le2 
6. ay 
d the values of My and Me from Equati ns (a6) and 


detection at the the "span “due to the ea 


dade sot xolig bance 
Substituting value of from Equation (8) and i ntegrating for z = — 


ite 


a ite directions and that 

they are since the coefficient of Equation (22) 
0.00193, whereas that of Equation (24) is 0.00207. aly av 


hi One. of the quantities measured i in the experiments was the. jack load. This 
is an external horizontal force applied near the top of the pile, and sit. is 


= 


resisted some dapremaly in the pile itself and partly by the earth load built 
ood up in front of the: pile. e. Referring to Fig. 19(c), the equilibrium condition — 


Substituting Equations (5) and AR), inte, Equation (25) gives: 


Equation (26) indicates that the deflection i is a linear pias of the exte rma 
load so that the work done during deflection may be expressed by, _ : 


8. ‘Timoshenko, Vol. 1, p. 168. 


339 
— 
— 
thload 
— 
— 
— 
ven 
| 
| 


; aes or which the moment of inertia can easily be computed. ~The average @iameter a 


aie data for Monoliths Nos. 2, 3, and 5, taken from Tables 1 and 2) is plotted on 
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substituting Equatio into Equation 2D) wives: 


j 

od iw ii .beol dt 165 okt SBD it 


he assumption is then made that during deflection the pile. — , 


principle of least action and that, the bent length, L, adjusts itself ‘so, as 

for a minimum is, th. ont hon 


This is a minimum since the secon 


The foregoing theoretical equations will beu used to ch check some ¢ of the test 
Seehaés on Monoliths Nos. 2, 3, and 5, of Mr. Feagin’ 8 paper. % These monoliths | 
ontained only wood piles, ; for which a Young’s modulus was determined and — . 


_ a point | 5 ft below the heads of all the piles in these three > monoliths FF 


_ found to be 12. O77 in., or r 1.0064 ft. The ; moment of inertia of : a circular area 
this diameter is 0.0503 ft.‘ ‘The Young’s modu lus of one of the 

was determined as 1878 260 Bl per sq in., or 270 469 440 Ib per sq ft. The = 

average ‘weight | of the sand on this site is 112.5 Ib per cu ft, dry. . The p per- : 
centage of voids varies from 80 to 37 so that. in a thoroughly ‘saturated state 


AG 


the! sand surrounding these piles weighs’ about 133 lb. per. cu ft, This is a 
ery dense sand* and the dimensionless coefficient, w, will be taken as 0.005. — 
ra 


Using these’ numerical values in Equation (31), the calculated length of 


deformed part the pile 10.2 ft. a With this value of L and with th 
same values of E, I, U, and series of calculations ‘was made with Equa-— 


tion (26). loads of 4, 8, 16 , and tons per pile, the theoretical 
deflections were ‘computed ‘and the results are plotted as a dotted line in 
‘Fig. 20. The “observed “deflection curve (which is” the ‘average of 


the same diagram. It i ‘is seen that the computed curve falls ‘somewhat 


below the observed c curve, but, in ‘general, the variations between the two ar 


no greater than those among the observations themselves. The computed 


‘curve is on the safe side. Int two other there 2 are e indications of agree- 


= 


— i i360 
— 
—  #;«;«43C3S 
— 1 
— 
— ‘ 
— 
— 
— 
— 
— 
— 
oy 
— 
— 
vas 
= 
— 
| 
— 
of the deformed length of one o {. Am. Soc. C. pp. 11+22, &§ 
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made. 
the fact ‘that the earth in front of the ‘pile provided ‘the greater” propor- 
tion of ther resistance against deflection, which conclusion is by 


> “4 us 
0 J 


‘Fig. 2 a combined. moment diagram at a Toad of 16. tons per 
pile, which corresponds to a theoretical deflection of , the v alues of 


in 


IN 


=| 
= 


N 


& 2 Moment, in Thousands of Foot- Rook ob Earth Load, in Thousands of Deflection, in Feet 
— BE, I, U, and being the same as ‘before, g. 21(b) is an earth-load dia 


for the same values, and Fig. is a combined deflection 


= for same "the ‘solid Tine ‘final 
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sl 
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CUMMINGS ON LATERAL LOADING ‘TESTS Discussions 


analysis of. ‘kind make: some assumptions. 
— he analysis having been completed and having been applied to experimental — 
data it. is usually. desirable to reconsider the basic assumptions. Stated i | 
general terms, this problem may be said to involve the determination of 


stresses and deflections | of elastic of relatively high flexural 


wes 


rigidity submerged vertically in a more or or less elastic medium of relatively 
low elastic resistance, the rod being 1 moved horizontally at the top but fixed 


against rotation at that point so that the tangent to the elastic curve remains Z 
vertical at the surface. general statement involves assumptions, 
it contains only one boundary condition which i is the requirement that the tan- 


Rs to the elastic curve shall remain vertical at the ‘surface. This is is the 


iy nom boundary condition of the problem and i in _ order to to develop any 
of analysis it is necessary to begin by) ‘making assumptions. 
is sometimes assumed? that a pile embedded in the ground a and sub- 
et a horizontal force at the top, will pivot about a point somewhere _ 


in the The movement of the pile is approximately a rotation q 


| 


> 


the monoliths described by Mr. Feagin because of the ‘fixed-end 
at the top. assumption can be that the elastic curve is wavy 


wed fixation against rotation at some point along the length of the e pile. 7 
Whether or not this: condition can occur will depend on the flexural rigidity 
oft the pile and the elastic - properties of the surrounding : soil. This can be | 
from Equation (31) and, the wood piles the. Alton “tests, 

equation: indicated a length of the deflected part o about 10 ft, which “vee : 
about one-third the pile length. It would seem reasonable to conclude that 
the sand ‘surrounding the 20 ft of the pile could provide sufficient 


rigidity to | produce the deflection curve of Fig. 21(c) tall 


However, with a very rigid pile embedded in soft loose soil—for which 
EI and were large, and U was small—Equation might give 
of L that was as great. as, or greater than, the pile length. the 


value is than the pile length, it 3 is ‘Probable that. the 


direction opposite. to that: of the deflection at the surface. Inv either case 
it. would be necessary to revise the fixed-e rend assumption and to repeat the 


analy ith some other assumed deflection curve. : 
It should be. noted that Equation | (31) provides a means of 


whether or not the fixed- end assumption, is justified. it should also be 


cA 


against rotation. The bottom of the pile would probebly 1 move in main 


= 


t 

ull 

umptions as O tne rate at whicn tn 

4 
during deflection. When the calculated Ten gth 
— 
— 
— 
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does not contain the deflection, but it should not be con- 
eluded from this that the bent length is independent of the deflection. Equa- 
- tion (31) isa combination of Equations (5) and (12). _ Equation (5) is based Be 
a on the usual theory of elastic structures in which the diaplacsmente..az® Ey ag 
"required to be very ‘small i in comparison with the dimensions | of structure. 


Equation (12) is based | on similar assumptions. Equation (81), therefore, 


= 


In order to determine the relative behavior of rods of ‘different, flexural — a a 4 


gidities embedded in granular material, a simple experiment Was per- 
~ formed: on a small scale. The results a are shown in Figs, 22 and 23. Three a zi 


2 


veo 


steel el in vertical position inside the glass front of the 


box and dry won then poured and lightly. The sizes of 


square. “The upper of the rods “were fixed ‘against rotation by 


clamped | between two notched steel bars, and lines were on the 


me i The steel bars holding the upper ends of the ‘rods * were then ‘moved slowly 
about 1 in. to the right with the results shown Fig. 23 This 


a 


ke 
te 
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“Pg Se photograph. Each rod deflected i in a reverse curve and the hhoithecnital lines ; 
4a on the glass mark the bottoms of these curves. The smallest rod had a very — 


short deflection curve, ‘and there was no apparent lateral ‘movement of ‘the 


“ah lower part of the. rod. The middle rod had a longer deflection curve -and just — 


my below the curve there was a slight movement of the rod toward the left. 
sae This movement was very small in comparison with the deflection at the top | 
r pre ‘and it did not become apparent until the top deflection was nearly an inch. 

deflection curve of largest rod amounted to almost three- fourths 
‘of the embedded length of the rod. ‘The lower part of the rod. was inca- 
of maintaining ‘its vertical position and the bottom of the rod moved 
al about } in. to th the left. As nearly as could be determined the lower part of: the © 
rod remained practically straight. experiment is not intended to. be a 4 
scale. model. test and numerical calculations were not attempted in ‘connection 4 
“with it. The writer is well aware of the difficulties involved 1 in 

laws: of similarity in| a ‘problem of this kind. 


The method of analysis proposed herein is not offered as nee: solution 


of the: «problem the: lateral deflection of foundation” addition 

approximate check on the experimental data of the Alton ‘but. it is to be 
hoped that additional tests. can be made which will as assist in. the development 
adequate theory, 


‘eonclusion, the writer wishes to thank Mr. Feagin ‘tor: his assistance 
‘and  co-o operation in the preparation of this discussion. ~The writer 

the helpful criticisms. sand estions of V. P. J ensen, Assoc. 


M. Am. Soe. C. E.; of Mr. S. Gleaser, U.'S. ‘Division Engineer Office, 
St. “Louis, and Kinneman, Raymond Co crete Pile 


to 


| 


ig lg ey 
: 
x 
be 
= 
4 
— 
i 
— 
i 
tid 
— 
4 
— 
‘ 
— 
— 


4 

: 


a RELATION. BETWEEN RAINFALL AND RUN-OFF 


Founded November 1852 


i 


W. W. Horner, M. Am. Soc. C. 


L FLYNT, n M. AM. Soc. C.E. 


M. Am. Soc. 0. E., anp F. L. Assoo M. Am. Soc. 


losses. Part I of the paper, the fairly exhaustive effort 


AMAUS 


-.. determine the relationship as a ratio. _ They found the ratios, or percentage — 


~ values, to vary over a wide range and, for a large part of the « data, were unable | 
a to allocate, satisfactorily, the variation to other hydrologic factors. As was 


‘shown | in Fig. 18, all these ratios, whether taken between various summation 
values, or between values for particular periods (as ‘5 or 10 min), or 
between Peak rates, resulted in percentile curves of about the same slope. 


Each of the ‘discussers has emphasized the point that the percentage factor — : 
ee be a varying one. This is a ¢ condition which is_ aoe 


recognized by hydrologists, of course. Sewer designers have adhered to ‘the 


use of a run- -off- rainfall factor and the formula o of the rational | method, how- ; 
"eves, because of its simplicity: of application, and for the reason that 


dearth of real basic information on run-off from urban oneal ‘appeared to make 


4; 


writers: are impressed by_ the ‘sample demonstration offered by Mr. 
‘Snyder, as s well as by the reasonableness of Mr. Sherman’s presentation. , It 
is entirely possible that an alternate analysis of all the information used reset 
by the writers, involving the infiltration losses as determined by Mr. Snyder, 
and the further evaluation storage as discussed b y ‘Mr. Sherman, might 

result in a set of relatively consistent — values having a definite relationship Ds 
to such basic; characteristics as slope, shape of area, and character of surface 

ng . Nors.—The paper by W. W. Horner, M. Am. Soc. C. B., and F. L. Flynt, Assoc. M. 
Am. Soc. C. E., was published in October, 1934, Proceedings. ao Tene this paper 


has appeared in Proceedings, as follows: May, 1935, by Messrs 
errill M. Bernard, and LeRoy K. Sherman. 


38 Civ. _ Engr., with Sewer Dept., of St. Bt. Louis, Mo. 
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ph es coverage. Some of the relationships would probably b be of the same general © 


order as suggested by Mr. Bernard in another paper.” 
he writers agree, with Mr. Snyder that 2 a constant, rate could 


hr in duration. A desirable 
3 approach to such a. study, accordingly, be along the lines” 
—— ing infiltration capacities for each of the particular areas (which capacities © 


might be expected to vary on a seasonal basis), and also the probable 
ead ey reduction o of infiltration within the first hour or two of the storm. It 
would be necessary, however, to determine the proportionate part of the 
precipitation going into (temporary) surface storage during the rise of of 


= 


the hydrograph. ‘This also i is determinable, possibly, from the same data. tin 


recent studies. by Robert E. M. Am. Soe referred to 


ae by Mr. Sherman,” using in part the data presented in this paper ‘(orivataly. ; 


published and, unfortunately, not. available to. this discussion) seem also to 


oes indicate that satisfactory basic data of this type could be derived from the ra 


information « originally analyzed by” the writers. such an anslysis. was 


found to produce reasonable values of i1 infiltration and storage, some develop- 
of Mr. ‘Sherman's EBaquation (8) might be “substituted for 


of how an analysis of basic rainfall run- 


are supplied by the St. Louis records, might throw some light 1 upon the varia- i 
tion. of. ‘infiltration rate and storage or detention, the data 


= 


Surface Detention 
(3i-2Q,) 


Depth in Inches 


< 


d Run-off Rates in Cu Ft per Sec per Acre 


Rainfall an 


i 50 55 11:00 > 45° 55 11:00 510:35 40 50 $5 11:00 


di Srorm or JuLy 23, 1931, ar AREA A. odt 

three storms at Area A : are presented in Figs. 31, 32, and 33, together with a ; 

detailed of the various curves derived from ti basic data by various 


methods. F ig. 31 gives the data for the storm of July 23, 1931, which was — 3 
chosen for its short duration and unusually uniform rate of _Brecipitgtion. 


“An Approach to _ Transactions, Am. Soc 
5 “Surface Runoff EL Publication 101, “Horton 
Laboratory, 1, Edwards Bros. Inc., Ann Arbor, Mich. 


— 
gs 
ey. 
— M 
g 
| Fe 
. 
10 
is 
ré 
i 
ti 
_ 
a 
d 
— 
24 
86g 
| 
— 
— 


‘Fig. 31 (b) follows the suggested by Mr. ‘Horton and referred d to by 
"Messrs Snyder and Sherman. The basic data as to rainfall, and run-off are 
represented by the Si-curve and the Q- curve, , respectively. For simplicity, 
- infiltration i is assumed to be at a constant rate and the mass infiltration curve 
< is a 1 straight line through the origin at the beginning of rainfall and with a oe 


|: final ordinate at the end of run- -off equal to the difference between total 
4 


and run- ~off. value of ‘infiltration” thus is 


me The j intereept on | a given time ordinate between the net rainfall c curve and ithe. 
mass run- -off curve, represents the depth of ‘surface detention, including both 


sheet and channel "storage, which, as ‘pointed out by Mr. Sherman, bears 
direct relation n to the 1 rate of run-off. Bd ios 


further consideration, the find that this rather 


Vesela may be avoided entirely, and the desired item of mass loss and of 
detention may be determined directly from mass curves based on the unit 


graph, originally presented in Fig. 15 of the Paper. 
2 Sis Fig. 81 (ce) illustrates the method of obtaining the depth of surface deten- if 
tion by the application of the unit formulas 1 to the same basic data. 
a, In this case, the mass 100% ‘run- off, or = Qe-curve, is obtained by ‘applying 
unit graph formulas to the ‘rainfall: data. ~The surface detentio is th 


is determined by ‘the intercept on the time ordinates between th > veurve an 
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ih The ‘surface detention curves as determined by the two methods show an 
despite the radical difference in na! 


remarkable s similarity in essential features 
a the methods, which indicates that the unit graph. formulas as as developed by ‘the P 


| 


: 


_ writers may be close approximations to the true values. Such being the case, 
procedure may be extended to determine the probable variation in the 


Value of the rate of water loss (of which infiltration | forms the greater 
during the progress of a storm. The accumulated water loss ‘represented 
the mass loss” curve, Fig. 31 (ec), is determined by the intercepts s on the time % 


ordinates between the > Qe- curve and the > Qt- “curve. 
hy first glance, the comparatively low 1 rate of water loss during | the early 


minutes of the storm may seem surprising, but further study shows, that this’ 
is quite reasonable when it is | considered that the area ‘in question i is com- 


eo 4 posed of both pervious and i impervious surfaces and that the first water to < 
Teach” the inlet (and, in fact, the only water to reach ‘it for some time) is 


period: (almost 10 min), rate of loss is constant. 
well represent the average rate for ‘the entire area, ‘pervious and imper- 

the cessation ‘rainfall, the rate begins to decline, 


cates that the run-off now consists mainly of gutter flow, in n which - p 


whieh indi 
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which’ the water is flowing. It seems infer that a ‘straight 


line representing | constant infiltration (such as in ‘Fig. 381 (b)) would only 


> apply to areas: where the entire surface was 3 of the same degree of permeability. 


ag: ‘Fig. 32 gives the basic data and derived curves for the storm of September 
1914, which may be described as. (Fig. 38, introduced 


| 

Ltt 


Denth in inchec 


es 


in Inch 


Depth i 


Bz 


2 


rae 
76 


20 25 0 45 “30 35 200 5 20 

Bree 32 trou or SprreMBer 15, 1914, AD Amba A. 


The loss curve in this | case shows. the same general | characteristics as the 


shown in Fig. 81 (ce), the minor differences being explained by the dif- 
- ferent rainfall pattern. There is again the low initial loss and the high rate ‘e 


4 om loss during the period of | high precipitation, when the pervious. areas are 


tributing their fal water. After the period. of heavy rainfall 


‘period, tends. to reduce the average rate of and, ‘as the rate 
- of rainfall becomes less and less toward the end of the storm, the 1 rate of Joss 


: 


Fig. 33 shows the same analysis applied to the data for the. storm of P une 


in which two. of about! an hour 
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19, 1928 


again, is. “found the aie variation i in the rate of ‘stg which | is susceptible 
to ‘the same explanation ¢ given in the foregoing analysis. To the we ah 


a 


epth in Inches 
o 


a 


n-off Rate in Cu Ft per Sec per Acre — 


: 
> second period of rainfall the variation follows: the ‘same general. 


pattern as ‘in Fig. 32. The ‘sharp rise thereafter is to the fact that tbe 
pervious are again con 


most of the water due to the fact that. the infiltration rate 
a on the > pervious area was nearly ¢ or aes as great as the rate of precipitation. Ct: 
In ‘the three storms (Figs 31, 82, and 33), ‘the close relation between 
iy: depth of surface detention and the rate of run-off is ‘obvious. — 3 
en attempt to arrive” at the mathematical correlation 
by plotti the- values for depth of surface 
aks, in the aforementioned storms and two others, against ‘corresponding 
in-off Peaks in the same storms. ‘The results ; are from a small number of 
storms, and both pervious and impervious: ‘areas are ‘rep resented in vary- 
proportions at different peaks. However, the general ‘trend of the 
‘plotted points be Mr. ‘Sherma 
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ST 


+ June 19, 1928 


© Aug. 27,1921 = 


| X July 23, 1931 
- | Sept. 8, 1926 


i 


mis 


h of Surface Deten ion, 8, in Inch 


Run- off Rate.Q, in Ft per Sec ps per Acre 


34. 


4 


is in its bearing on demonstration, that it 
not been possible to produce any considerable number of the sewer gaug- 
for the larger drainage areas in the Clarendon would 


4%, 


Inches per Hour 


SEWER District, SHOWING Location OF GavoEs. 
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individual city blocks are translated into rates’ applicable to the 


‘ 
sewers. As an indication of the possibilites, the results for one particular ee 


35 is a plat of the Clarendon District, showing the and : sizes 
the main sewers (the grades of which vary one- third to two- thirds of 

the location of the principal pressure gauges in the main sewers _by 


and the tributary to each . The ‘location of the three 


50 55 3:00 5 10 15 20 25 25 2025 255 300 5 10 15° 
tipping- -bucket rain- gauges (marked a, b, and ¢) is also ‘shown ¢ on ba 
as well as the ocation of the two city blocks from which the data for the — 


36 shows the rain record of July 10, 1920, ‘at three -gauges, 


wing the wide variation i in ‘pattern even within a 600- -acre 
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area. F ig. 37 shows. the interpolated rain diagram applicable to the | -s 
enters 0 of the drainage areas above each group of sewer gauges, and, on thie oe 


dia have b 1 tte d the hyd hs of flow fo h 
same diagram, ave been plotted the hydrographs o sewer for each = 


- in the group. For comparison, , the average rainfall rate for the approximate 
critical time of 20 min is shown in Fig. 37 (a) and Fig. 37 (b) and the average — 
rate for 25 min is shown in Fi ig. 387 (c). “ Comparing these rain values with — 


Fi; ig. 23, it would appear that this rain would have : a frequency of about 14 yr. B. 
higher run- -off rates, cubic feet per second per acre, in Fig: 37 (c) 


may be explained it in part by the longer a1 and , more compact : rain diagram, and, ; 
+ 


in part, by the considerable width of the drainage basin i in its ts lower sections. 


The lower rates, | averaging 0.75 cu ft per sec per acre for the upper gr groups - 
4 
of gauges on ‘Fig. 37(a) and Fig. 37 (b), give a goed: effect of 

surface detention | on run-off rates in short rains. i 
Comparing the rates at the three groups gauges with the expected 
run-off rate from ‘single city blocks, as given | in ‘Fig. 23 of ‘the paper, it is z 

seen that the run- “off of 0.75, cu ft per sec ‘per acre is less than one-half a 


expected rate for a 20- -min yr d Area A 


run- off of the single block. For the lower shown on Fig. 37 


it would appear that the sewer- flow rate might be as much as 15° 5% of that from — 


an average city block. It is expected that a full analysis of this. work will 
_ provide some excellent factors for use in calculations of the typ e developed | 

Throughout this entire it is apparent that. _the simplest ; method 
, of expressing ng the relation between rainfall and run-off is by the volumetric — 
ratio between accumulated and the accumulated rainfall. 


this 1 ratio is derived by « comparing z the , accumulated run-off for a given time 
with the accumulated rainfall for a a time earlier by the amount of the mean | 
he for the location in question, it may be a applied quite simply to approximate — 
solutions of storm-fl flow problems. Figs. 38 and 39 ‘show the emilte of this 
to the rain of September 15, 1914, at Area 

The relation between the two factors s seems to be remarkably in 
many of the storms t that have been investigated, and there is reason to believe 


that, had the synchronism between ‘the rainfall p and run- n-off ‘been 


(0. 34), as s derived from Fig. 39 , and plotting the sient 4 te later, a me 

s constructed which, in its peak values, and general configuration, closely 


approxima tes the measured run-off curve, | This suggests: a simple method for 


the (approximate) ‘probable off from a. given: “rainfall when 
run-off factor and the lag are known for the location in. question. w 


‘the run- off f factor varies over storm, to 
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HORNER AND FLYNT ON RAINFALL AND -RUN- OFF 
Little can be added to what Mr. Bernard has said about the unit 
gra aph method to large urban areas, except to commend the very constructive 
Ww 


ork he has done toward enlarging - the ‘scope of | the data submitted in the B: 


aper and making it more useful to ‘the sewer designer. 


J 


a 
fo] 


i 


oO 
Rainfall Rate | 
Run. Moved 4 Minutes Ahead 
= 4 


ry 


2530 35 «40 55 100 15 20 (300-3540 

38. AND Run-Orr, Be_t aND RIDGE AVENUES, SEPTEMBER 15 1914, 


Acknowledgments. — The St. Louis Research Program, of which the data 


esented in the paper are a part, was developed by one of f the » Mr. 
Horner, under the inspiration of the late James A. ‘Hooke, formerly Sewer 
Commission r of St. Louis, through whose energetic support funds were made 2 i 


te 


. 39. — ACCUMULATED RAINFALL AND Run-Orr, BELT AND AVENUES, 


— 
= 
— 
— 
— 
— 
— 
— 
— 
4 
— ees wae 


The experimental work was ‘continually under of 


r. Horner up to 1933 ; during a large part of this period the sympathetic = 


interest of E. R. Kinsey, M. Am. Soc. C. _ E., at. that time President of the — 
“Board of f Public | Service, was effective in providing cc continued financial support ey. 
for - the project. The | publication of ‘Departmental records is with the approval 
of Baxter L. Brown, M. Am. Soe. , President of the Board « of ‘Public 


Service. The supervision of the instruments and records has been, at various 
es. times, in direct charge | of Mr. Leland Chivvis, or Mr. %: Brown, each of | 
whom had some part in the analysis of the information. 
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DISCUSSIONS 


Sreves,“ of Soo. C. E. E. (by letter). great mass of addi- 
Sona data, 


particularly on the of appeared i in the | 


as s well preg: a rhea data as as to the quantity of sediment carried by most of at 
7 


Nickle mildly chides the writer for not including the excellent 
gathered in recent years by the Texas Board of ‘Water Engineers, when as a 
matter” of fact every attempt made to secure them. Special thanks are 
due ti to him for Table 9 9 containing a s summary of t the ‘sediment transported ‘ 


‘at seventeen stations on ten Texas streams, over a 6-yr period, and 


arranged to conform to the writer’s Table 


4) Ot is is interesting to note that of all the stations given in Tables 6 and 9, 


: Meg maximum concentration of suspended sediment is found it n Bad River, at 


Pierre, S. Dak., where for two ‘consecutive years the witiaibk: averaged more 
38 per thousand. of the Texas streams listed reached this total 
even for one year, although the rs -yr average for Double Mountain Fork “of 


“Brazos River exceeded per thousand, which shows the next highest 

Mr. Nickle also advances additional evidence of the effect of silt 
a reducing its volume. Medina 1 Reservoir silt shrunk to one-half its original 
¥ — and doubled its specific weight in five years of intermittent exposure. 
‘The specific weight of 70 lb per cu ft of silt in ‘place for Texas “Teservoirs, 


“when subject to alternate wetting and drying, is not far different from the 


3 _writer’s: average value o ot 65 Ib > per cu ft, nor that of 62. 5 Ib 1 per cu ft adopted 


Professor Lane given a very ‘interesting summary of silt 
= anions, pnt a clear statement of the several factors affecting sediment 


a as hae ___ Notge.—The paper by J. C. Stevens, M. Am. Soc. C. E., was published in October. 
1984, Proceedings. Discussion on this paper has appeared ‘in Proceedings as follows: 
February, 1935, by Harry G. Nickle, Jun. Am. Soc. C. B.; March, 1935, by Messrs. E. W. 
Lane, and Frank B. Bonner; May, 1935, by Messrs. Morrough P. O’Brien, Harry F. 
Blaney, W. W. Waggoner, and Philip R. R. Bisschop; September, 1935, by 7 
Stabler, M. Am. Soc. C. E.: and October, 1935, by N. C. Grover, M. Am. Soe. C. B. a 
Cons. Hydr. Engr, “(Stevens & Koon), Portland, Ore. axe pi = 
#« Received by the Secretary October 14, 1935. 
 -* “Silt in the Colorado River and ‘Its Relation to etlgal ite the late Samuel 
Fortier, M. Am. Soc. C. E., and Harry F. Blaney. Am. Soe. c. E., Technical 
‘8. Dept of Agriculture, 1928, p. 58. 
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‘THE SILT PROBLE 
a transportation, first to the str eam and, second by the stream. — 
= to the fallacy of the. Dupuit theory, namely, that silt is carried in . 
suspension as. the result differences. velocity of adjacent 
‘Turbulence i is the real cause, and theory and evidence are now in accord that a 
sediment. is held in suspension by the. velocity components of turbu- 


Men Bonner’s statement capital outlays for reservoirs will 

long” before they may rendered useless by silting, and that 

- golution of ‘the problem may be safely left to posterity, is scarcely a fitting 


to the questions r raised. Because of such a major reservoir a civiliza- 


comes into being, a virile, ‘complex, pulsating social system. The. capital 
investment in such a civilization may be wiped. out and | the system destroyed 
it can never be amortized in a financial sense. 


me policy of laissez-faire is entirely unsuited to the exigencies of the situa- =. 
tion. The problem should be squarely faced now and -Tesearch undertaken 
with a view to its ultimate solution.. Mr. Bisschop cites conditions i in: ‘South 


‘Africa. that are now threatening the “very existence of productive centers 


population.” states that. further extensive developments are being 
streams least ‘subject to silting. ate “Lake Mentz on Sundays 


River (1985) has: lost 42%. _of. its capacity in 12 yr. f ‘Raising the dam has a 


already begun i in to the is ‘upon it, 


to this 


Table 10, Professor O’Brien has: added .a of data on silting of 
reservoirs from the paper by Dr. Fritz Orth, of “which the. writer: was 
Ss unaware, — This table, however, does not give the silt deposited i in terms of the - ” 
inflow,. doubtless because the data “were re not. available. ‘Seven reservoirs” are 
cited that. have completely filled, with silt, and fifteen that have. lost 


or. more. of their original capacity. ~All of however, original 
ies Of than 1% of the supply which means that 


Ww 


reservoir could lose 100% of its Table. 1 does | 

any reservoir _as having been entirely filled. As the reservoir fills, ‘more— 
ae more of the silt is carried through so that there. must: be left at least a river 

channel in new surface of the reservoir, for which condition | alt silt 


: ; $8 Mr. Blaney calls attention to the fact.that a silty stream or canal is quite — ae: 
- free from moss and | aquatic plants, and that clarifying | ‘such. a stream ae 
result in a, new source of annoyance, that: of ‘growth. He states that 
even if it were possible to clarify the Imperial Valley canals. some | silt. should 
368 be left in the water to minimize operation troubles from moss growth. _ Seas AK 


ee Mr. Waggoner calls attention to the great fall flood of 1861 that affected 
ee the entire Pacific Coast from the Willamette Valley, in Oregon, to Los Angeles, “4 - 


Calif, » On December. 8, 1861, occurred the largest flood known on the » Willamette — 


River, That period was marked by a series, of wet years from which the 


depositions 
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preven- 


“labors of Man ‘must be confined to preventative 1 measures, OF « course, 
deat streams and canals — s at considerable expense and domestic supplies : are 
“necessarily desilted , but these are of secondary importance in the great silt 
problem. intact the large agricultural areas he ‘must prevent 


sai loss. He must learn to prepare the land and cultivate it in ‘such a way 


y ae ‘as to maintain the soil in sites. In the ‘European and Asiatic countries it has ee 
the practice, for centuries, to terrace sloping lands. America has not 


- doubtfal whether extensive structures ‘for soil maintenance are practicable or 
even desirable ex except on certain areas that contribute large quantities of ‘silt 

Te not sufficient to construct soil- ‘holding structures. Provision 


i 


Man « can hope to do is to ‘reduce ‘the. quantity of silt flowing into the reservoir 
iia by such means of holding the soil on the area as he r may devise. J Any struc- 
tures such as silt dams, bank protection, ete., built for this purpose, should 

be of “permanent type and ‘ample ‘provision should be made for intelligent 
Considerable can be in a protective vegetable growth 


favorable areas. In ‘unfavorable areas in which the West abounds such 


efforts aré ‘certain to prove futile. Grazing control will have a favorable 


effect if properly ‘administered ‘by and large, the results are 
fe Be to prove disappointing. The writer agrees with Mr - Stabler that if the Western 


eo grazing ‘lands are managed primarily in the interests of permanency of forage 
for stock can be for in of soil 


shat plateau 1 region “deserves: extensive About. 000 acres 
eae contribute 75% of the silt and only 10% of the water supply; yet all that 
ce silt is moved by the 10 per cent. If it were practicable to impound that 10% | 
ee < on the area and use it for irrigation instead of allowing it to carry silt into 
the Colorado, such an section would pay handsome dividends even 
ea cod if it never marketed : a crop. - There would be some justification for subsidizing 
Mr. Grover illuminates, with some new data, the effect ‘desilting the 
i Colorado River at Boulder Reservoir. In 10 miles of canyon the clear waters 
‘issuing from the control gates picked ‘up, and earried in suspension, approxi-_ 
‘mately. 4000000 tons in months. In 115 miles farther this “quantity was 
and: same period 100 000 000 ‘were left in 
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asks whether Man’s efforts should be dir 
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"ELASTIC PROPERTIE 


placed on methods of analyzing continuous ‘frames, it seems ‘that the question 


a joint rigidity in riveted structures has received too little attention. 


to the product of and the of fixity for 

that it also follows 

ber are equivalent to one-half the degree of fixity at. the other ey 

co puting fixed- end “moments and making» adjustments for the 


degrees of fixity at the joints, ‘the procedure becomes one of simple moment 


distribution. The author's illustrative problem, shown in Fig. 83, ‘may be 
solved: readily i in 1 this manner. On the basis of the results presented in this 


discussion, however, the writer would alter ‘somewhat the values for the fixed- 
a end moment used. ‘ - ‘The e author has assumed Moy and Moc ac in Fig. 33, to be = 


the | equivalent of about 50% and 10% respectively. Although: the: latter 


"percentage is ‘accord with the writer’s tests, the fixity for the clip- -angle 


~ connection on ‘the 18-in. I- -beam, on ‘the same basis, would not be taken’ at 


_Norg.—The paper by J. Rathbun, M. Am. Soc. C. E., was published in 
Uary, 1935, Proceedings. _ Discussion on this paper has appeared in Proceedings, as fol- 
lows : February, 1935, by Ralph EH. Goodwin, Assoc. M. Am. Soc. C. E.; May, 1935, by | 
Mesazs, Harold C. Rowan, Walter Scholtz, J. F. Baker, L. EB. Grinter, and C. 'R. Young 
and B. Jackson; and August, 1985, by E. Mirabelli, M. Am. Soc. C 
_ Research Engr., Aluminum Research Laboratories, Aluminum Co. of Ameri ica, 


Received by the Secretary 8 21, 1935 
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evaluation of the rigidity of the joints 
ne _ in terms of total fixity has certain advantages over the procedure outlined = a 
by the author, particularly where the method of moment distribution is used. 
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ELASTIC PROPERTIES OF RIVETED CONNECTIONS ~Kissaaslene 


In the tests upon which these conclusions are ased, “span continuous: 


Ge beams, having a joint or splice at the ‘center support, were used. By com- 
paring: the behavior of sueh’‘spebinens, with ‘that of an unspliced beam, | hav- q 


oF 

pe ing 100 lo continuity, s direct measure of the efficiency of the joints in ae 

Figs. 39 2 and 40 show the eight “Specimens on which tests. were made. 
Specimens land 2 were representative of cases of 0% continuity, 


al 


258 


iff 


Weight, in pounds per took. 
Area, i in square inches, ... 88 
Moment of inertia, in inches‘......... 5.06... 


~ Section modulus, 8, inches 2. 6 


— 
— 
— 
— 
— 
ad alloy I b ere as follows 
made of in ts of the I-beam big 
‘ 1 s 


TIES OF i tuoy™ I 


strength | tensile strength, | Percentage 
Pe set = 0.2%), 


lange 48400 65 000 20.0 


“Specimen : ) 
clip angles, 3 by 3 3 in. by gin. by 6 
i Four clip a: angles, 3 by 3 in. by, 2 in. we 6; 
_ | Two splice-plates, 7% in. by 4 in. by es 
Four clip angles, 3 by. 3 in. by # in. by 6 in. “au 
Two splice- -plates, in. by 4i in. by 1 ft 
Four clip angles, 3 by 3 in. by 3 in. b ng. an} DOL 
connection _of “joint riveted; pin- connected 
_ (diameter of pin, in. 


7 Fou our clip angles, 6 by 3 in. by } in. by 10 in. long. 
He th 4 Four clip angles, 3 by 3 in. by ii in. by 4 in. long. 


8 
angles, 3 by 3 in. by in. by 6 in. 


‘Fig. 41 shows t the 1 nature of the two- The reactions on 


b of th testing 1 m 800 Tb) 


Were 5 ft, center to ‘center, whereas the loads: on ‘th 


specimen were applied 
at ‘the center of ‘each span, Deflections were measured 1 by a dial-gauge gradu- 


a reference beam under the specimen, 
were determined by a 2-in. strain- gauge, Teadings 
ha 
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As a preliminary step in the investigation, ‘deflections and perma nent sets 


ere determined tor each for loads up to 000 Ib. The beams w were 


42 set of bonne ‘moment the 


"measured The ratios of the moments developed 


~ 


Wo 
WY 


F 3 (b) CoMPARISON OF| (c) (d) OF as Derer- 
|Measurep AND Com-|Loaps anp Cor- BY Beam Tests ON 
lige Moments at|PUTED CENTER-SPAN|RESPONDING Max-| 48-INCH SPAN 
DeEFLEcTIONs, ININ-|IMUM  BENDING| 
CHES, FoR A 50 000-|Srrussus aT CEN- 


“DiPounp LoaD OF SPANS 


Maximum Com- 
puted Stresses,t i 


_ * Estimated on the basis of average reer ty stresses for a 50 000- Ib load. 
+ Stresses computed at point where ultimate failure occurred. 
hich J was stopped; beam continued to yield with ut fracture. he 


4 
80 100 | 20 400 | 40 000 68060 | 130 
| 80 109 | 20 100 | 37 500 | 42 000 | 67 
| 0.140 0.260 33 0 000 33 
62 300 600 | 2 58 800 000 | 68400 
0.240 0.216 28 30 000 6S 400 
1 | 258 000 31 | 0. 69 000 29 300 47 000 84 000 
9 | 0.231 0.149 75 500 300 | ...... 21 800 6 700 | & 
0.170 0.146 900 | 30 15 000 4 400 | 31 
| 100 000 | 62 | 0. 
— 
+. 
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at the joints over. the center supports to this observed in Specimen 1 gave 
a direct measure of the continuity ‘factors or joint efficiency for each type 
ae of construction. | From the results given in Table 7 (a) it will be noted that a 
a ‘none of the joints was the equivalent of unspliced beam. . The 
degree of fixity — 95% was found for Specimen 5, which had long splice- 
in addition to. clip angles. Continuity factors for the other 
la specimens ranged from 72 to 12%, the latter being » found for Specimen 
6 which had one span pin- -connected near the joint. The standard clip- angle 


connection in Specimen 3 developed about 19% fixity. 


cf 


ig. 43 shows ‘the influence of joint fixity upon ‘the deflections of the 
different specimens. The relative positions of the curves will be 


30 in: do. 


Z| | NS 
= NSS Hs 


ye as. about the nimi: as those shown in ‘Fig. 42 for the bending» moments. 


average measured center-span deflection of "Specimen 1, being 100% 
ous, ‘was 58% of that for the two simple spans of 2 


degree of fixity at the center ‘support to be in determining continuity 


factors, was done in the case of the bending moments, the agreement 
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‘ In comparing bending moments and deflections for a a dei 50 000-Ib load, 


BF 


amie’. up to approximately the point, of failure. 7! The latter occurred in every 

fla: without any 

7 gives ‘the ultimate loads carried 

the corresponding maximum flange stresses at the et 


Since none of the specimens was damaged in the two- “span tests all | but 


ag Specimens 2 and 6, which | did not have rigid joints, were ‘subjected to a. 


simple beam test on a 48-in in. span as shown ‘Fig. 44, The Purpose 


this. test was to determine more nearly the ultimate. bending resistance of the 4 


joints. Table (d) gives a summary of the maximum loads carried and 


the corresponding computed stresses at the points where failure The 
a 


manner of failure in each case was, as follows: 
Lateral buckling of accompanied ed by the buckling the 
_ . Yielding of the web in bearing, around the clip-angle rivets. 
7 Shearing failure of the rivets in the lower splice- plate. ao abe 
Tension failure of the lower splice-plate 
: ig Tension failure of the web at the outside line of rivets. Jes 
‘6 a Shearing failure of the lower seat-angle rivets. ‘Ant 


resistance may be. ‘safely on the basis of ofthe 
the material at, the point subjected. to the maximum stress. 


Although it is that these tests have been limited to compara- 


r standard elip- angle connections it appears that 
Bore fity of from not ‘more than 20 to 40% may | be expected, depending ‘upon 
_whether single « or double lines of rivets are used in n the web. The use of 
angles in addition to clip angles o on ‘the may- increase & “Continuity 
/ factors up to 50% « or 60%, whereas the use of splice-plates on the flanges may 
Tesu in facto from to 100 per cent. In _using these 
obviously essential that the joints be made sufficiently strong 


attributed to t them. It should be. pointed out that these 


he 15% increase in carrying» capacity of 
joint fixity of about 20%, as 8 given hereiri for étand- 5 
The increase in ¢ capacity of Specimens 11 
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WEIGHTS OF METAL IN. STEEL 


M. Am. Soc. E (by letter). »*—The two exceedingly 
close checks of the writer’s findings by Mr. Shryock are very gratify- 
_ ing; and his allusion to the European chrome- “copper rustless steel, having ae 


four times as great as that of the copper- -bearing steel 
in the United States, is both important and timely. 


In res} ect, to Mr. ‘Reichmann’s su estion of re] arin special curves for 


4 


continuous ‘trusses, the writer ‘would reply that the way to utilize the curves 


4 


of the paper for any continuous- “span layout is to compute the truss weights | 


as if the spans “were non- continuous, then correct the results by means of © 


data published elsewhere™ 2 


Replying: to Professor Abbett, ‘the curves | in Figs. 1 and 2 are inten ded 
mainly for rapid preliminary estimates, and sufficiently accurate in 


i ordinary cases for « contractors to use in tendering; but, » when there i is close 


competition, it would be a advisable - to make special computations s of truss 
 -weights, mainly because the idiosyncrasies of the designer affect the totals, 7s 
Mr. Diehl states that “a valuable addition to the } ‘paper would be a curve 
aD of relative cost of bridges with the conventional types of solid floo or as con- Een * 
trasted with open, non- flooring.” The writer has made a eompli- 
| ‘ cated, and elaborate investigation of this subject which has not yet (1935) been : 
“published. It. contains ‘the information mentioned ad by Mr. Diehl. = 


2 


tree 
Mr . Foight offers a method of. comparing truss weights which prove to 
Be a bit misleading to. some. readers, causing them to think that the curves 


are greatly i in error. ‘The ‘ ‘percentages’ ’ treated i in the paper a are e those of truss fy) 
weights ‘compared w ith ‘total vertical loads; hence, the variation in the Spri ing- ri 
field Bridge is 2.1% .— not 15 per cent. That variation is entirely due to an 


ra Notn.—The paper by_J. A. L. Waddell, M. Am. Soc. C. E., was published in Febru- | 
ary, 1935, Proceedings. Discussion on this paper has in Proceedings, as 
lows: May, 1935, by. Messrs. Arthur M. Shaw, Joseph. G. Shryock, Albert F. Reichmann, 
Robert W. ‘Abbett, George C. Diehl, F. G. Jonah, Clarence B. Foight, A. H. Fuller, 

William E. Wilbur, W. N.,. Downey, J. R. Grant, Theron M. Ripley, and T. Kennard 

Thomson; and October, 1935,-by Messrs. H. H. Allen and John Venable enya ean et 

Cons. Engr, (Waddell & Hardesty), New York, 


— 
— 
— 
4 — 
— 
— 
— 
.—l 
4 
— 
ae 
— 
— 
— 
— 
— 
— 


WADDELL ON WEIGHTS OF METAL ‘TRUSSES Discussions 
“uneconomic truss depth. As modern highway bridges: ‘generally designed 
with economic panel lengths and economic truss depths, no : — can 
Professor Fuller’s four cautions to “the young designer “ais the student who 
is studying bridge design” are directly to the point, and should be given 
‘thorough consideration by all tyros in such work. _ The writer has never had 
much luck in determining weights of metal in bridges by formulas, elthough 
for half a century he has been u using quite freely various’ “formulas of reduc- 
tion” of his own in ‘passing from known: weights" of metal for certain 
ditions to the corresponding weights for differing conditions. 
Replying to Mr. Wilbur, the writer” deemed it more logical to make his” 
percentage ratios apply to the grand total vertical load than to that load, less 


the truss ; but Mr. Wilbur’s ‘diagrams, based on his: 


PPPROXIMATE _ AVERAGE oF Sree 


(a) IN SmmPLE Truss (0) Percentaces A CANTILEVE 
BRIDGES, FOR THE 
Span LENGTHS, IN FEET: 


400 500 


“|| 55 | 65 | 70 
75 


Tn accordance with Mr. Wilbur’ Ss suggestion ‘that the writer include th he 


cat: "Percentages of silicon steel in structures of combined silicon steel and carbon 


in aatiafactory This is difficult because ‘the diverse 
individual preferences of bridge designers. On that account, ‘tables are pre- 
Ben st - ferable to curves ; henee, the information i is presented i in ‘Table 4 as percentages 
we weight of silicon-steel members ‘compared 1 with that of the truss as. a 
3 The actual weight of silicon-s -steel material, however, is from 80. to 90% of the 
given, since some of the details on silicon- -steel members, such 
_ Jacing,. tie- plates, and rivets, » are of carbon steel. _ Some of the percentages in 
Table 4. ‘may vary, ‘either up or down in extreme cases by as” much as 10% 
of their values, due to varying conditions and personal peculiarities ‘of the 
computer, but generally that variation will be less than 5 ‘per cent. 
Mr. Wilbur is correct in s stating that the loads per - foot given in the a 
are the totals for two trusses, rather than for one truss. 


The writer's ‘method _of determining the percentage ratios for combined 


ratio by the” railway-bridge diagram; = = the percentage 1 ratio for the 
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correct in stating that it would have been better the i 
to add to each a curve for a total load of 5.000 pail Ea 
writer has since discovered this fact and has plotte 
8=—Sstthan his fc Be. 
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STEEL TRUSSES 


bridge diagram ; W = the equivalent ‘uniform tie load, plus" 
Be per linear foot, for the railway portion of the bridge; w = the ‘equivalent uni 
i form live load, plus. impact, for the highway portion of the bridge; and, | 
p’ = the desired percentage ratio. for the Fa 


ee the railway i is double-tracked (Class 60); H if ‘the e clear width of the high- : 


way deck is 30 ft with Class A loading; if the structure is of carbon steel; and an 
the length i is taken as 400 ft = (15 912 Ib lin ft; w = 2475 lb 


bess and p 
912 25.5 + 2475 x 
and by Equation (9) i 


between Mr. G Grant’s Percentage ra 


sisting for a single-track railway, a 20- roadway, 
and the same span length, 27. 1% by Equation (9) 27. 


bridges. for him, a a Japan in him | of 
objectionable business; ‘and 1 ‘upon his return to the United States four years 
“declared war” upon all its brid practice and initiated what 


“mation given in the present and the manner 


directly and with modifications, is fully explained. | The: Class A loadi 


ae ish based on an 18- -ton truck, and the Class B } loading on a 12-ton truck. — 


- The writer is $s much indebted to Mr. Allen for his trouble in computing the 
os” of the numerous bridges: he has designed | and built, as a 

check on.curves of the p paper. ‘The close agreement: found is a source urce of deep er 


a Engineering”, by J. A. L. Waddell, M. Am. Soc. C. E., pp. 106, 129, 
83 “Heonomic ana ‘Weights of Modern Highway Cantilever by 
~ A. L. Waddell, M. Am. Soc. C. E., Transactions, Am. Soc. C. EB ieee 98 (1933), p. 888. 
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WADDELL ON WEIGHTS OF METAL — 


expect ‘coincidence between the findings of any two engineers, because 
of the difference in their personal equations. ‘His “percentage ratios” show 
marked uniformity, indicating on the part of his computers a close : adherence — > 
sp specifications and the application of the principles of true economy { 
sue A further analysis of Table 2 of the paper, , omitting from consideration 
the abnormal cases of the ‘Springfield Bridge and the Portsmouth lift-span, 
indicates an average plus variation of 0. 0.19%, an average minus variation 
a 0. 42%, and an algebraic ¢ average of all variations ‘equal to minus 0. 25 — 
ene -fourth of 1 per cent. 
in of the fact that all the fourteen engineers. who discussed pape 
_ endorse the curves in general, it may be ‘eoncluded that the findings of: the 
paper | are ‘reliable; nevertheless, it would well pay any engineer who designs” 
_ many bridges 1 to plot » for the use of his office, new percentage- -ratio. curves — 


foe upon the specifications he utilizes and the general characteristics of his 


te 


= 


rove especially to and 2. The 


23 7 


ope ra ation in. 80 doing involves an assumption ofa truss weight, checking it it, 
assuming another and checking that, is an exact agreement 
between the a assumption and the check. The final weight c can be found cor- 
from the first check weight by computing the difference between it and 

‘the assumption, ‘multiplying. the result by the proper factor taken 


the curve in Fig. 15. The should be. either added to or 


| 
‘ 

= 
should 
— 

| 


ck on the validity the’ case 


simple- truss bridge of 45-ft clear roadway, i in silicon steel, ‘which 


—* (b) gives 20 as the percentage ratio. The make: “up of total vertical load (in abst 


The percentage ratio 20 gives... 


{44 « ot 7 4 


} Bow a percentage ratio of 20, Fig. 15 gives a multiplier of 1.25, which yields a : 
the correction: 189 1.25 236; and. the | correct truss weight, 2 600. +2 
= 2836. With this truss weight, the new total vertical load will be 14 181. 
Applying the percentage ratio of 20 2 836, which ¢ 


ar Foot 


(3) Silicon Steel; 
Class A Loading 


Pes Weights of Metal in Thousands of Pounds per Line: 


ingle-Track, Simple 
Carton Steel 


po 
Length of Span in Fest, 
or per LINEAR Foor or ‘Sram, IN 
> SIMPLE Truss Spans 
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ON “WEIGHTS OF METAL IN STEEL TRUSSES” 


f a oe Had the assumption been 3 000 lb per lin ft, the total vertical load would 
have been 14 345 lb per lin ft. Applying a ‘percentage ratio of 20, W = = 2869; 
a value of 3.000 ‘was assumed, indicating a difference of 181. Multiplying 


131 by 1.25 yields correction of 164 which, subtracted from 8 000, leaves 
2836 check on the ‘computation. method is generally much 

than the one involving a series of guesses: and substitutions. 
conclusion, the writer desires to express the 

done him the honor to discuss this paper (both individually and collectively) Eb 

deep appreciation of their courtesy. This applies particularly 


generous” comments by Messrs. Shaw, Jonah, Thomson, Hanna, who 


oo = nks to Mr. Downey, the writer has discovered a mistake in Fig. 3 (b). 
in Fortunately, it is of no real importance because all the weights in Fig. 3 are’ 
intended only for the tyro, and | by him to be used solely in making his first | 
a /— assumption o of metal weight when finding the trial total load per linear foot. 


The effects of any incorrectness in the assumed weight will be entirely can- 
a gelled by the first-made - trial computation. af However, that is no valid reason 


ie t rial con we 
Sits allowing an inaccuracy to remain in the paper; hence 2 ig. YS has been 
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LOAD ACTION. ON THIN 


cere 


MEssrs. Ww. _FLUGGE , AND 

Dr. W. (by letter)" general, the necessary : 


x 


a numerical solution of shell problems have heretofore been Maidimrrsanigenell oer 


% author is to be congratulated on his analysis of the ‘problem. bt pines sg 


Following Equation (44) the author states: asd ot 


 eootapy substituting Equations (38), (39), and (40), i in Equation (35), and, ¢, 
likewise, by substituting Equations (42), (48), and (44), in Equation (36), 
it will be noted that two equations are obtained for the determination of the e 

unknowns, and Ky ‘These cannot be solved in 


‘It. is possible to derive the explicit. form by introducing» expression, 


hd 
F(¢) = ent into Equation (29) instead of Equation (81), thus: yorkie. ne 


which i is of the fourth order of pe and may be solved by exact 1 methods. ie 


& shell constants, J; and K,, are the real numbers in the two terms of the com- 


Pay 29 89 49 + (J; + and nd 6) = + +4 ‘Sink 


The formula offered by ‘the Witter in 1934" is somewhat different 


baily: 


to +.1-> De at 2] 0G + 2m) 2 (2 + 


—m a+ a+ m)* a 2 + a) + 4a 2 v m*) = =0. - (150) 


Nore.—The paper by Herman Schorer, Assoc.-M. Am. Soc. C. E., was 
farch, 1985, Proceedings. Discussion on. this paper has ‘in Proceedings, as 
ollows: September, 1935, by I. K. Silverman, Jun. Am. Soc. C. te iti ah 
Privatdozent, Univ. of Gottingen, Gottingen, Germany. 5 

Received by the Secretary September 23,1935. on 
“Ueber die Festigkeit achsensymmetrischer J. Geckeler, Forschungsar- 
iten, Heft 276, VDI-Verlag, Berlin, 1926. 


“Statik und Dynamik der Schalen”, von W. Fitigge, ‘Berlin, 1934, pe 139. 
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2 Sha HMIOMA LEVI UAD!I na 
The of “numerical importance, however, and is be 
gxplained by ‘the different treatment of some second- order terms in the funda-_ 
mental equations of the shell theory. It disappears. entirely if Poisson’s ratio, 
m, is made equal to zero, an entation, that andy simplify the numerical 


computations, particularly of reinforced concrete. shells. The error due to 


ject ina clear and useful form, Mr. Schorer has performed a splendid service 
s . The suggested method gives good approximations of prac: 
ee tical value over a fers: range of cases. It would be interesting to investigate | 
degree of exactness beyond the limits given by ‘the 
S _ Working for Dr. Finsterwalder, the v writer has used other practical simpli- 
fications of his theory, the results of. which checked well with those. of the 
accurate ‘method. Deformations may ‘be’ calculated for statically ‘determinate 
membrane. stress ‘conditions, such as are impossible in manifold statically 
indetermina te systems. Consequently, these deformations are eliminated 
s the calculations for the latter system. The unknown and resultant stress ! 
values: of the i indeterminate system are obtained from elastic equations con- 
forming to the edge conditions. _ Where the differences of numerical values y 
of trigonometric functions of the angle, $, give inexact - results, the equations q 
deformations: are expressed in. power r series with the angle, ¢, as the 
argument. these, , and in his trigonometric ‘Finsterwalder 
eglected terms of higher order. He decreased t e degree of ‘statical inde- : 


erminacy by pairing a vertical ‘end a force component with: a 
By moment, M,, in such a manner that full restraint is obtained at the edge; or, 
in other words, that the direction of the tangent of ‘the cross-sectional curve 
at the edge remained fixed. In the | second series of calculations the tangent 

is assumed to rotate freely. = After the degree of actual restraint is determined, — 


the ‘values . already obtained are adjusted accordingly. 
of ‘shell problems the value, N2, at the edge can often n be neglected because 


of its rather small size as compared with loads acting on the edge. °_ ¥ 


a tons (10) ( hor’s corrected values, Je, K2, J’2, and K’s, as given in his Equa- ; 


tion: ns (70), (71), (72), (78) » should | be used ‘successfully in Finsterwalder’ 


_A very clear ‘and lia popular explanation of the edge problem 1 was given 


a by H. Riisch,” whose name second to that of Finsterwalder i is connected with 
development of the bending theory of cylindrical shells. ‘Valuable 


by D. Os. Coyle, M. Am . Soe. ‘The fundamental 
of the author’s paper were given discussed by. Savage.” 


1a Received by the Secretary Septe ber 24, "1935. meee iis 
18 “Theorie der _Querversteiften "gylinderechalen fir’ schmale, 
Kreissegmente,”’ von H. Riisch, pub. by R. Noske, Borna-Leipzig, 1931. 


Transactions, Am. Soc. C. B., Vol. 94 (1980), p. ip 
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ember, TEDESKO ON THIN SHELLS 


Using his accurate theory has computed ‘the stress 


values, 8, ‘and for ‘the roof of the Central Market, in Budapest 
192 The roof i is constructed of cylindrical barrels of a span, i= 136 ft, 


+ 


a width ee 38 ft 9 in., and a radius, R = = 32 ft 10 in. It consists of seg- 4 


shells in combination with edge members, the cross-section of which 


Stresses underDeadLoad 


bos 


() STRESSES 7, 
=0 


Tons per Foot 


Tons per Foot 


5 ‘Fic. 11.—StTRESS IN 


and li(e). The stresses: are — for z= 0 

g. 1 of the paper. ; 


Ingenieur— Archiv, Vol. 19338, Dp. 57. 
The Architectural Forum, Vol LX May, 193 


i: 
— 
— 
J 
| 
— 
— 
— 
| 
— 
8 is shown in F e meaning of the shell stress 7 
is — 
— 


ON THIN SHELLS 


“tion (101) for the ‘membrane system, isa ‘direct of the ine and 
the load of the ‘shell. These values of Tas are indicated by a broken line in 
: Fig. 11 and are nearly ‘constant over ‘the width of the barrel. The: thrust, T,, » 

of the statically indeterminate system is indicated by a solid line. It has its 

Inaximum value at the crown of the barrel a and decreases to a ‘small value 
ae near the edge members which are too slender to take up a considerable amount 

of horizontal force. The resulting maximum thrust at the crown is 


than the statically determinate thrust to given load. 


The supporting action at the | crown ond at the edge members is = 


ing: moments appear at ‘the at the edge members. The bending 
moments small, however, because small ‘spans only between ‘narrowly 


spaced ideal supports. have to be bridged by bending action. ‘Furthermore, 
on ly a a part of the load will cause bending as the other parts are » carried by the 
ust directly. The ‘thrust, toward edge members is decreased by 4 
8, tr ansferring the loads" to ‘transverse end stiffeners. ‘The 
a and tension in 
The equation e author’ “method is 


(46 
=r the method to which the writer has ‘referred as “Finsterwalder's 
accurate theory,” ‘ihe bending ‘moment, the ‘corresponding 


= fs slightly léss than For 
the to. which the stress in 11 apply, the e value, 


and the author’s willl give practically the s same curv 


quite the r r results of Dr. Finsterwalder’ ingenious | 
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“AMERICAN SOCIETY. OF CIVIL 


By HALBERT P. GILLETTE, M. Am. Soc. C. E. © 


ve P.. M. Am. Soc. C. E. (by letter).™ a paper on 


“The Cycles That Cause the Present Drought” the writer: has compared 


curves of mean flood levels of the Nile River Sadie 1735. to 1919 with those of | 
rainfall at or near Boston, from 17 50 to 1934. two 


urves are fe quite similar, each having a minimum for the Syn period, 1790-94, Ss 
Another diagram” gives mean thickness of ‘annual tree rings by 


het 


i dect ades, for Arizona pines from 1390 to 1909, indicating three ‘eycles of about — 
152 yr Each cycle has less amplitude than the one preceding because tree_ 


rings vary less in thickness as the 1 roots attain depth. ‘The ‘California 


The annual silt layers, ‘or varves, in the ancient glacial lakes of New Eng- 5 


And and Canada show the 152- yr cycle; but the most _ impressive evidence | of de 


this “grand cycle” As found in the recessional moraines left by the retreating — F 
ice sheet, and- in the ancient beaches around the Great ‘Lakes and 


From: the foregoing evidence the conéluded that the exact 


‘ nit of the eycle i is one month longer than 152 yr and that its amplitude is is 


cyclic, reaching a maximum every 1825 yr. Keele, an Australian civil 
engineer, was the first to discern any evidence of the existence of the cycle” ‘ 


and he found it in the Nile flood- level records subsequent to 1736, as well as 


in the records Australian rainfall. Unfortunately, he erred in 


ee _ Note.—The ao poner by C. S. Jarvis, M. Am. Soc. C. EB. was published in August, 1935. 
4 Proceedings. This discussion is printed in Proceedings in order that the views expressed 


5 ae Water ‘Works and Sewerage, August, 19 5, 
cit., Fig. 2, p. 290. 


_™“The Great Weather Cycle,” by T. Proceesings, Royal Soc 
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means ‘of writer, éstimates that the year of 
drought due to this cycle will be 1939; but since there are a dozen other | 


-eycles longer than 2 yr, not to mention several shorter than that, there may 
be years even dryer than 1939, i in the near future. This is illustrated by 
eference to Table 2" in 1 which “mean. amplitude (Column, (2))..is. the 
‘percentage departure of the cyclograph peak valley from ‘mean. 
The eyclographs | were those derived | from. Arizona pine s (1391-1910) except 
for the 1003- yr -eycle, for which” early sequoias were used . The sequoias 
‘usually have amplitudes about two- thirds as great | as A ‘Arizona pines; therefore, — 
the 13% in Column (2), Table 2, should be increased about one-half. The - 
_ amplitude varies periodically through t the cycle in Column (3), Table Q; and 
Column (4). gives a year in which a peak | of the basic had its 
pes 
greatest which i is to be used as an epoch date. 


iat Four principles seem to be indicated by. Table 2, in its ‘relation to the 2 
paper by Mr. J arvis, namely, qd) the amplitude of a rainfall. cycle tends ‘to. 


increase with the length of the -eycle; (2) the amplitude itself i is cyclic; 


cycle lengths approximate a geometrical progression series, with a Tatio 
and (4) cycle lengths are either an ‘integral “number of months, or of 


‘Since sequoia tree rings | have been measured spanning 3 200 _ consecutive 


it follows that a means of determining lengths of cycles 


For the foregoing reasons the writer finds ‘that tree rings are ‘preferable 4 


to level records of the River Nile in deriving the lengths of eyeles., Further ; 


a near the ene er the end of the 3! 200 yr, the error in abi length 
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a: 
ble than the flood- 


simple -eycle analysis, has “recommended by ‘the writer™ 
a is similar to that devised “by Balfour ‘Stewart. * It should be satel: 


~ that this method |-or. Schuster’ s* harmonic analysis modification of it will 
aunty pseudo-cycles of two-thirds, one-half, one-third, or one-fourth the length — 


of the. true writer has called attention to this ‘fact. Tt 


cover 

than about yr. requires data covering more 80 cycles ‘to 


ss the existence of a ‘eycle ¥ with a high degree of probability, | because 
_ there are so many cycles that they tend to hide each other. _ Two rainfall 


cycles (approximately 152 yr. and 101° are very 
spite of the other obscuring cycles, 
of approximately 2 yr is well defined in winter r temperatures 


8% Water Works and Sewerage, August, 1935, p. 289. 


Weather,” by H. H. Clayton, p. 376. bobivil dive 
Periodogram of Magnetic Declination,” by Arthur: Schuster, Tr 
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Footings in which one plane section only may be analyzed: (a) Wall 
footings, centered (the ‘simplest case); (b) ‘flume footings (rectangular slabs 


with ‘parallel walls along two opposite edges) ; and continuous 


Simple footings symmetrical around a central point: (a) Square 


Xe footings. with central load; (b) circular shaft footings (chimneys, ete.) ; and 
3.—Eceentric footings: (a) Square footings with e eccentric load; (b) build- 


‘ing co umn footings near property lines; (ec) retaining wall” footings; 
footings for crane columns and movable bridges; 2 Ge) “hase slabs 


are unquestionably small at the of the footings, and or 3 
‘near heavy load concentrations. The usual assumption of design is that a 

under complex footing, earth stresses vary _ uniformly from edge to 
the other. This usual ‘assumption is clearly just ‘as inaccurate in the case 


of complex footings as it is in ‘simple cases, ‘such as Footings 1(a) and 2(a). Z 7 
Furthermore, this inaccuracy is ‘greater in some types of soil than in others. 


ore consideration of footing problems, two points of view have arisen. One 4 


is that of soil mechanics , or the analysis of conditions in in the soil under t the — 
yy structure. . From this point of view the assumption of uniform or uniformly 


varying pressure @ at the ‘plate of ‘contact is is s often actually 


i 


paper by Assoe. M. Am. Soc. C. E., was published in 
August, 1935 Proceedings. Discussion on this has appeared in Proceedings as fol- 
October, 1935, by ‘Messrs. Clement Willi ams, D. P. ane L. C. Wilcoxen. 
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te clay holding water in n integral: union, which in time will lead to the settle- ; 


ment of the larger footing. sot ted sion 


a eet The second point of view is that of the designer of the footing slab.. i, a4 
E his point of view, the assumption of uniform or uniformly varying yeeware 
is almost always somewhat on the > safe side. Usually the loss of economy is 


‘not very serious. i In the unusual conditions that occur occasionally i in which | 


In the design of footing slabs the exact formula is often not 

of great importance. instance, in the case of a simple wall footing, a 

ine formula ‘seems to be theoretically ¢ correct in stiff homogeneous 1 material © ag 
distribution of pressure at the plane of contact ; ; but considering ‘the 

 yesulting design of footing, it 1 not make any appreciable difference 
yhether a sinoid, parabolic, or an “elliptic: distribution curve of footing 
pressure is asi assumed. The important point is t to take account of the deflec- 
tion 1 of the cantilever ‘edges; this 1 may be done even by means of a 1 very rough, = 


line diagram, without error in ‘shear or 


ssumptions as to o footing pressures, design becomes - very complex ‘mathemati- 
cally. _The exact conditions are not through experiment ; nor are t they 


which are among t those herein, i in which even with Tough straight line 
a 


“Hons, ‘it more i in line with exact scientific to. /make a a rough 
but probable assumption and t then to compute, exactly, certain of its conse- 
thon to use the very improbable assumption of ‘uniformly varying 
Toad. Furthermore, the less” probable assumption occasionally results” 
design that is economically impossible, and obviously unnecessary. Pains- 
cS taking detailed investigation has clearly proved certain general truths about a 
pressure distribution. <4 Tt is s possible to use general truths 
AL Esq. Ay, letter) *«__'The of dh is based 


November, 1985 ISSES UNDER A FOUNDATION 1399 
— 
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i= 
Beet The author’s review of conditions beneath a simple footing should be | Bie: 
studied carefully not only by students of soil mechanics, but also by 
__desisners of foundation slabs Strangely enouch. these two points of view arc 

iii 
— 
more complex types of footings. It is not the intention to cast 
| any doubt on the advisability of theoretical and experimental work such as ee oi 
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0 Blor oN DISTRIBUTION OF STRESSES UNDER A FOUNDATION Discussions 


position principle ean be used and the summation of elementary solutions 


is Important to note that for a material that does not satisfy Hooke 
es law, this superposition principle does not hold and, in general, it will not b 


permissible to add up solutions due to loads” acting independently in order 
to find the stresses due to their combined action. iwan M04 


the « case of certain materials like sand, ‘however, the pressure distribu- 


‘Ga is: assumed to be given by a a semi-empirical law more general than that : 
of Boussinesq formulated by Equation (3) of the paper. In case the } preabtite 


‘distribution does ‘not coincide with ‘that of Boussinesq, this must be due to 
the fact that the material is either ‘not isotropic or does not ‘satisfy Hooke’s B 
law. - The latter is true, for instance, if some kind of gliding occurs inside — 


vi 4410 
ge 


the material. Obviously, then, it is not permissible ‘to superpose solutions 


‘of the form of Equation | (3) in order to find the effect of distributed loads. _ : 
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OF BITUMINOUS PAVING COMPOSITIONS 


PHILIP W. Henry, J. T. L. ‘MCNew, ‘AND Roy M. GREEN 


4 


may be ‘that: “little, if any, 
has” been made concerning low- temperature performance in paving ‘composi- 
and (see “Tntroduction”) that “scientific data have not been available a 
: with reference to the characteristics of bituminous paving compositions over tae a 
a wide range of temperatures, particularly low temperatures,’ > nevertheless, 
as early as 1887, it was the practice to use a softer asphalt cement in such A i 
cities as Buffalo, N. Y. and Omaha, ‘Nebr., where asphalt pavements laid a few 


a softer asphalt cement without any change in the mineral 
aggregate or percentage of bitumen to. meet, this situation. the writer 
became ‘Superintendent of the Company in Omaha, in 1889, he continued es i 
practice, with the result that although asphalt pavements laid a few 


‘years previously showed worst ‘cracking that he ever beheld or 


_ the winters without racking... It, was also the practice 
In those days 1 no attention was paid to the mineral aggregate, and. little 

. to the percentage of bitumen. © In all cities practically the same number of oe 

sand, stone dust, and cement were used in in 


= pavements lacked the durability ag of the cmhalt 


—The paper b _ Hugh W. Skidmore, Assoc. M. Am. Soc. C. E., “was published | 4 
—— 1935, Proceedings. This discussion is printed in Proceedings in order that the ee 
views expressed may be brought before all mbers, for further discussion. a Me ‘ 


Cons. Engr., New York, N. Y. 
Received by the Secretary September 23, 2, 1085, 
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WA 
of the asphalt plants expert 
that they could determine i in this way the e penetration of a given ¢ asphalt cement 


Clifford Richardson, the author of the fitst authoritative publication 


concerning | all phases. of an asphalt. pavement, was well aware of the impor- 
tance of ‘Ineeting” low temperatures with a softer asphalt cement, In discuss- 


ing certain pavements laid in 1897 he wrote’ 


“Experience has shown, however, that in these surfaces, although the aver- 

age percentage of bitumen r reached 10. 5, it was in most cases too hard, averag- ; 
ing 58, which has resulted in some dracking. In subsequent years, therefore, 

it has ‘been the practice to use softer re cement. The results have been — 


‘Cracks of the 
is too hard or which has become hardened by | einen mixed with too hot sand, | 
or to this cause combined with others, are the form which is most commonly 5 
met with * * *, Such cracks are due to the fact that the hard asphalt — 
is too brittle at low temperatures to yield to the contraction of the surface. 
It fractures under the tensile stress imposed upon Cracks: which 
are due to the fact that the mixture is deficient in aa in consequence 
f which the surface does | not possess : sufficient tensile strength, regardless of 7 
luctility, at low winter temperatures, are not as frequent as those due to a 
domed: bitumen, since in such a mixture, disintegration with the formation 


of holes takes place, as a rule, before cracking.” shi 
“ Notwithstanding this early general knowledge, arrived at through costly 


| those ‘days, asphalt pavements. ‘were ‘guaranteed from 5 to 
0 yr), the data furnished ‘by ‘the exhaustive study made by Mr. Skidmore © 
eel beuihh to establish a scientific basis’ for designing asphalt pavements to i 

wet Incidentally, it is curious to note that there has been practically fio’ change 
in ‘the method of laying asphalt pavements on city streets in ‘the ‘past fifty 

_ years and more. In the Eighties the same types of tampers, smoothers, fire- 


wagons, and rollers were used as are used to- day. This is in contrast to’ ae 


laying of the concrete base, whic h was then mixed entirely: ‘by hand. 


McNew M. Ax. Soo. C. E. (by letter).” indeed gratifying 


= 


. 


Undoubtedly, he has. treated a ‘of the ‘subject which i is’ ver 

and one, perhaps, which has been neglected too long. te 
Notwithstanding the fact that technologists have always admitted that 
ae mixtures have n no appreciable strength i in flexure, the patente of best 


vith: the result ‘that ‘flexibility, self- healing; and: 


i * ‘The Modern Asphalt. Pavement”, Second Edition, p — 
Prof. of Highway Eng., “Agri. and ‘Mech. Coll, | of ‘Texas, College Station, ‘Tex. 


Received by the Secretary, October 1, 1935. ATOR 
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ON BITUMINOUS Pavia COMPOSITIONS 


wee 


to a misconception as to what: are feasible 
for ‘field use. Mixtures that are compressible under laboratory conditions 
ber unworkable on the road or on the street. When such conditions 
are encountered the novice resorts ‘to hotter inixtares and‘still less bitumen, 

of which tends toward making a mixture worse, Yo 


importance, ‘especially since’ ‘many of the mixtures “classified a 
stable are also egate voids and, 


x lower the penetration of the asphalt as well as the percentage of. bitumen ond 
much as “to destroy the self- -healing properties entirely. As early as 1919, 
Roy M. Green, M. Am. Soe. C. E.,” reported numerous examples of pavements 


ff which the aggregate was bonded with asphalt from 10 to. 20 penetration 
and yet it was | known that the material used was not as hard as the analyses Be, 


indicated. © These extremely low penetrations could not be chargeable esncsn 


to a natural loss of the more volatile fractions by weathering. — at yd 


ing the use of harder -asphalts for increasing stability as measured by 
tests. Shearing are “most likely to occur dusing ‘periods: of 


temperature will n be 145° F, or so hot ‘that steam- 
asphalt cement will be in a liquid, ‘ora very soft, condition. Obviously, the 
of two similar “residues having different degrees’ 


in reality’ liquids or near liquids at summer then 
_ Perhaps the real question to be answered is: ; What mixture design will serve 
4 

both the summer conditions | as. well as the winter extremes ? The author’s 
investigations are interesting tha the results give some information on 


ance that = 


that question cast t suspicion on the theory “sometimes advanced 


3 ay: If it is assumed that an asphalt surface is on an adequate foundation, low. 
3; _ temperature failures of the surface are ‘Jikely to occur as a result of mixtures e 
that are too lean in asphalt ement, as a result of brittleness ‘of the | binder, 
a or by | raveling of the surface. : ‘Winter raveling n may be due to the brittleness 


ES of ‘the binder or it may be éaiiaell by freezing of impregnating water in the ae 


j 


 — 


open Brittleness in a pavement probably is more easily ‘measured 


= 2 by, rapidly applied loads than by slowly applied increments, ‘and such a thought 
gives to the question : not all stability» tests on asphalt mix~ 


tures be made either with rapidly increasing loads 0 or with loads ‘applied 
Regardless of what test is used ‘on a bituminous paving 
mixture, the Strength i increases as _ the” percentage of bituminous: binder 


nereases from a decided de eficiency to some percentage that provides a’ max: : 
mum ‘strength. _ After the maximum strength is reached, if the bituminous 


Pavement Investigations, Pt. I and Pt. II, Texas Eng. Experiment 
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MO NEW ON ‘PAVING COMPOSITIONS 
er increased, the strength of the mixture decreases a con- 
to upon the addition of bitumen until the samples are made 
of a preponderance of bituminous cement and little or no aggregate. 
difficulty encountered in correlating the results of the different types of tests 
same 
peromtage of bitumen; fr example, one testing indicate 


or a n number the writer has using a modified test 


_ made by forcing a frustum of a cone out of a cylindrical specimen of pave- _ 


_ ment under a gradually applied load, and has been able to ver verify conclusions ; 
of other investigators who used d somewhat different tests to study t the effects of 
| different variables on the strength of mixtures, He has never been completely 
atisfied with the test as performed, however, because of the conviction that é 
the manner of applying the load does: not simulate the load application | made 
traffic; nor has he been able to propose such ‘a loading device that is 
entirely satisfactory. Even the most rigid or stable asphalt pavements, as 


measured | by the shearing strength tests, ‘are in reality plastic mixtures that — 


undergo movement on the street; and such movement does, to an appreciable 


cause an internal re- arrangement of particles. Plasticity, then, is a 
property \ of a bituminous mixture that must be admitted and the most made — 


it as a a quality of the mixture, because it cannot be ‘eliminated entirely. 
a 


poe a load of any kind for a a long time and | yet if the same mixture were loaded 


either in shear, compression, tension, or flexure, the plastic prop- 


stated by the author, the ductility of | 
is of ‘great importance. For that matter, any test for consistency 
at low ‘temperatures is of value because plasticity. is the desirable quality. 
than brittleness in the lower ranges of temperature. appears 
e may Judged the strongest in shear at 140° F may 


ecimens were 


tested first by determining 1 the intensity of load, applied gradually, that would 
nw required | to push a frustum of of a cone out of a specimen 5 5 in. in diameter 


and 2 in. thick. - From this test a “strength curve could be plotted to ‘show 


effect of va varying the bitumen. another series of samples like the first 


iki a hammer ‘falling from a een height. In this latter ¢ 


of sates as the abscissa. As was. to be expected, the general shape of the 
= bitumen curve was. the same for two tests, but. 


ear test. other words, ‘the samples strongest 
Of course, ‘no one has 
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1929, the writer undertook the direction of some research work « 
bituminous paving mixtures in the hope of developing certgin modif 
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ase the num- | 
- 
under shear we 


be 


results should be specified for the paving 


The writer is convinced that the foundation of a road must be able to with- 
4 pow the traffic load before any surface will be capable of fulfilling its mission. rats 


Tf such a foundation : is adequate, the function of the surface is to prevent ie 2 
ar, absorb » impact, distribute load, and, in other ways, preserve the life of wie 


f the load- -carrying medium, regardless of weather. To fulfill that | function the 


surf ace be. bec stic to either flexible or -healing, ‘stable 


Ge 
a4 


be "every evidence ‘to indicate that ‘flexibility must a quality of 
bituminous surfaces winter "extremes of appears 


and not on extremes of 1 summer temperatures 4 


Rov M. Green,” M. Am. Soo. E. (by 1 letter) “Engineers 
_ technologists: are indebted to the author for. this contribution toward ‘placing 
the design and performance of asphaltic mixtures upon a more sourid and 


basis. He is to be particularly commended for his. demonstration 
the following facts: (1) A desirable design of an asphaltic mixture for cold 


a is one in which the asphalt cement slightly « over- r-fills the voids i in the 


danger | of “using a a filler content which is too high: and cements 


higher penetration are desirable ‘in the 


Yeading of this paper and a study of the curves ‘in Fig. 2 leaves» the 


impression that the California ‘cements (Specimens 2, and 3) are unde- 


cooler climates. is not a Stated conclusion of the aythor, 


In the Ci ities of Omaha and Lincoln, there are a of 


this 


are in excellent condition to- However, the mixtyres are rich ‘and con- 


tain asphalt . cement in excess of that n necessary to fill the voids in the mineral. ’ 
would have been very enlightening had the author made further mix- 


tures with these cements, carrying the asphalt: cement to 10% above normal, 3 
8 he did the mixtures: given in Fig. 5. Would this added asphalt cement 


the country the ‘east distress 


we t Is it ‘possible, to a certain extent, to improve upon the per- 
= of a given asphalt cement by altering the composition of the mix 


ture from the standard eonditions s set up by the author’s experiments santos ¢ 


u Pres. and Mgr., Western Laboratories, Inc., Lincoln, Nebr. 4 
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proposed that the mixture which is strongest in shear should _necessar 
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FAILURE _THEORIES: OF MATERIALS SUBJ EG 


MEssrs. P: Roop, AND H. Moore 


Roor,* M. Am. Soo. 'C. E. (by letter).*—The need for a “fail 
theory” is not immediately apparent; it isa naive but widespread 


that a ‘ factor, | taken as the ratio of ultimate to 


point of fact “there i is, a considerable number of ‘variables outside of ‘magnitude 
of stress, ‘involved in the problem of strength”; the burden. thrown on the 
factor by uncertainty as to what determines failure under r combined 


the margin provided to prevent failure i in ‘spite of the designer’ s mistakes. In " 


is necessary, and as. the other variables i in the problem. of strength ‘are * 


‘to more searching analysis, it. is right that one should also” 
duced to 


indicate Although | it, is: not clearly stated, is. understood 
re furthermore, that the co- eailindhe: of: these points are the relative -values of the 
principal stresses. Each such. point _Tepresents a_ certain Proportion 
the, two principal. stresses, the scales being: such that. the 


in simple. tension , and. compression are correctly i indicated, 80 that 


all “curves (except that. for. Theory. (8)) through all ‘the. 

It appears ‘Table > that “failure” may mean anything from rupture. to 


exceeding the proportional limit. In the graphie- study, these differences are 
ignored a and. only, the effect of combining Stresses is. considered, _ with no 


‘reference. to. characteristics of t the material. 


oTE.—The paper by Joseph ee Jun. Am. Soc. C. E., was publishéd in August, 
1935, Discussion on this Daper has appeared in Proceedings, as follows : 
October, 1935, by Messrs. J. J. Slade, Jr., T. McLean Jasper, and I. K, Silverman. 
Lt. Comdr. (C.C). U. 8. Navy, of Constructor, New York Ship- 
18a Received by the Secretary September 27, 1935 
Journal of Applied Mechantor, 
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contribution to stress, ty which the actual result i is real ques- 
tions” thus, appear to be: Considering the stress. at the point at ‘which 
% “failure” what feature of the stress. is it determines the failure; 


opposite signs? If 80, tl that would, confirm the idea that ‘somehow shear. play 


stresses the ‘same sign is more easily withstood than a ‘combination’ 


It appears that no more definite conclusion than this is possible. from 
data! since the in Fig. 19 and the data in. Columns, (6) a 


Esq. (by letter).” —An summary of the present 


| day HY Mon of theories of failure of, materials subjected to combined stress, 
presented in ‘this paper. Table lisa very convenient ‘Statistical ‘summary 
nvel 
of the evidence. It i is to be noted that, with the exception ‘of the tests with ee 2 


solid cast-iron ‘rods ‘under combined tension and compression (at right. angles), :: 
, Professor Marin has used the criterion of elastic strength in all cases. He ~ 


quotes the . strength ¢ of a tube of cast iron” ‘as judged by “ ‘yield point”. ‘This: 


reporting | of a yield point in cast it iron would seem to call for further explana- Pi. 


tion, as cast iron ordinarily does not have a yield point. At first sight, th 
3 various _ criteria used for elastic failure , would rather confuse the evaluatio 


5 of results, but a closer examination shows that for each comparison of t theory — 
4 with experimental results. the same criterion used that tests ‘may be 
compared £ fairly satisfactorily. It would of interest Marin 


original sources of data were given more fully. 


nee ‘Two points are not covered by 't the paper. ‘: The first i is the failure of mate 


other than elastic Professor Marin has, indeed, 


Table 1, in fact his paper would be distinctly ‘more waluable§ if to 


and Hamabe* on tests of cast ‘iron under combined 


: torsion. In the 1933 Marburg Lecture before the American Society for ‘Testing i 
: aterials, Dr. H H. J. Gough, of the British National ‘Physical Laboratory, 


on: 
quoted fatigue tests of mild steel under combined stresses™ which indicated 
at, using fatigue fr is stre ngth, the m imum shear 
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and (6) in str e resultant stress be estimated? 
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that different theories hold for ductile and for brittle materials, and io 


failure by fracture opposed to failure by plastic action, Thi 


4 the question ‘of failure ow oe creep, 


: 
nother point not | covered by Professor Marin» is the question of failure 
by “tri- axial” stress, especially a failure under equal tensile stresses 


‘non has been made. real tensile stresses in n three directions the cheating 
strengthen the. otal by preventing shearing it by 

‘Gnhibiting the occurrence of slight: localized plastic action which usually is 

metals even under light stresses, and which tends to ‘reduce t 
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STRESS FUNC TION AND PHOTO- 


ELASTICITY APPLIED TODAMS 


JUN. 


we 


Am. Soc. C. E. (hy letter). 


the stresses in a gravity dam based on the of the of 


elasticity given by Lévy." However, this solution 1olds only. for 


infinite ‘wedge does not take intb a account the elastic action of tlie base. 


s solution coincides with” the! ordinary engineering: methods: for 
determination of the stresses in triangular dams and, at the same time, pete 


‘little ‘experimental work has appeared in English or American engineering 
literature on this important question. The experiments” of Ottley, Bright- 


law for the distribution of tl the shearing stresses. Until recent times very 


be more, Wilson, and Gore made i in 1907, on this type of structure, were out- ae a] 


standing. On the other hand, there have been many theoreti 
and among the outstanding ‘ones are those of Wolf,” Vogt,’ 
The latter investigators have shown definitely that the influence of the founda- 


tool i 


 Nore.—The paper John Brahtz, Esq... was published in September, 1935, 
Proceedings. This discussion is printed in Proceedings in order that the ro a expressed | 
may be brought before all members for further discussion. 


% With U. S. Bureau of Reclamation, Denver, Colo. 
Received by the Secretary, September 30, 1935. 
Comptes Rendus, Vol. 127, 1898, pp. 10-15. For a concerning 
the stresses in gravity dams, see ‘Stresses in Gravity Dams by the Principle of Lot 
by B. F. Jakobsen, ‘discussion thereon, Transactions, Am. Soe. 
Vol. 96 (1932), pp. 489-591. ets 
Minutes of Proceedings, ‘Inst. c Vol. CLXXII, 1907-08 Session, Pt. IT, 1908. 


“Zur Integration der Gleichumg F = 0 durch polynome im Falle des Staumaner 
Sitzungberichte der Kaiserlichen Akademie der Wissenschaften in Wien, 
“Sulla validita del regime | Le 
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and has furnished a vy 
by Equation (50), for the 
a training action of the bas a 
a infinite number of free constants which may be used to satisfy any num- | 
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ber of elastic or stress con ‘tions. Thus it is to seen that 

be determined ‘to any degree of mathematical accuracy. 


is to. be 


describes ‘state “of. "stress which is in equilibrium: and ‘compatible with 
This very important function may be "determined ty tha usual methods 
the solution of partial differential equations when the form ef the s olu- 


Fig. 1. 

mmx 


ih ‘both cases, T ure given stresses of the 


- shape of the body, it is logical to assume that the Airy function is of the form: 


i di 


“tion (Ba) an differential equation for Y is obtained, as follows: 
The of Equation (8 85) contains four Constants 


integration | whieh be determined the | ‘boundary’ 
ed by Equati tions (83) ‘and (84). The s solution of Equation (85)'is: a 


a 


a'y'+ ©, cosh'd y + y sin | 
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y sinh: a 


expressed as Fenctions..¢ of the | angle, 8 ‘the form of, the function 
,fgizes 4 a a 
of by 8. Timoshenko, Eng. "Societies McGraw- Hill, 
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RESS FUNCTION AND PHOTO- ELASTICITY AND DAMS 


of this equation yields the. following Airy function.” tod. 
log r + dott 6+ sin 


4 
+ be + an b'n co os n 6 


(cnt + dn + dn r™*) sin 


stants of integration are to be determined the 
The most suitable function the at a corner, of the type 
gel 


in which f is a Function | of hie) variable, 6, only. Insertion of Equation (99) 


into gives the ordinary differential equation for f: 


TH 


+1) 4 — = 0. 


cos (n —1)@+¢ sin sin (n 1)6 +; Ce co (n +1)6. (02) 


replacing Cy, Cty Cy and of Equation (92). 


with Equation (48) in which are 


+. 


oft 


cos m y sin 


( (cos n cos n sin n ys sin 


ny) =0 


| Nov., 1985 
ie 
|i 
= | | 
1 
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— 
q in obtained from the hoann: conditions an + geen A — Nand A—~ 
4 — 
ies 
amely; 
D(meosnysiny + sin ny cos y) + A (ncosny cos y — sinn y — sin y) 
“Theory of Blasticity”, by S. Timoshenko, Eng. Societies Monographs, p, 114. 
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2. 
tween ow constants, 
cot n Assuming that . — 1, then = 
= m, which values are identical with those 


Furthermore, in | order that the ‘constants may differ from zero, the following 


a free ‘constant, “may | be to ‘satisfy conditions on 

aries o other than = 0a and @ = y, as shown | by Equation (50). 

Be The function expressed by Equation (43) has appeared ie time to time 
or as ‘special cases it in engineering literature, but no general form has been given. 

H. ‘M. Westergaard, M. Soc. C. has applied this type of function 

1 = 860 degrees. The function took the following form, 


An (n— 0. 5) sin 1.5) 

2 (n + 0.5) w+ 


» Kn are free constants. 


ae 


| 
— 
— 
— 
— 
— 
— 
eo 
— 
— 
ges 
— 
Ee’ 
— 


= 


AMERICAN SOCIETY. OF CIVIL ENGINEERS 


_ THEIR SOLUTION 


G. J Assoc. Soo, C. E. (by letter 
ter half of his paper, Mr. Eaton has’ demonstrated that ‘the 


primary cause of débris flows hazardous to communities of the Los. Angeles" 

coastal plain, is the denudation by forest fires of the brush cover of - 


ts 


. Foot: hill and mountain water- sheds. These fires, if followed by the type of 
heavy semi- tropical rains that frequently occur in Southern California, result 


in sheet erosion and débris flows from the mountain sides on to the unpro- 
tected communities below. vA Such flows will not cease until the native brush * 


No engineer familiar with ‘the topography and geology of these water: 
heds, who observed the results of the La ‘Crescenta-1 -Montrose disaster, will 


question the Possibility « of a débris flow during such a storm, of from 50 000 


to 100 000 eu yd per sq 1 mile of water- shed burned. 


er- 
Eaton presents factual data to the effect “that ‘the La -Crescenta- 


disaster resulted in loss of thirty lives, the destruction of 483 


24 ; homes, and a total property damage of $5 000 000, all. ‘of which was the resul 


har 
oi ‘of one storm upon a burned area of 7.5 sq | miles. To this loss must be e abil 
the ‘cost of débris removal and the necessary construction of 


or 


may occur at any, poring in the next |! 5 or 10 yr, 0 
is sufficiently restored to retard excessive erosion, ny 
Based upon data presented in the paper, 


water- shed burned. Los Angeles County is admittedly entering a wet 
or Period of more than during which several 


_  Novrge.—tThe paper by E. Courtland Eaton, M. Am. Soc. E., was published in Septem- bi 
er, 1935, Proceedings. This discussion is printed in order the views” 
xpressed may be brought before all members' for further ne 
Civ. Engr., Los Angeles County Surv., Los Angeles, Calif. 


a Received by the Secretary October | 1985. 
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“Consequently, the co cost of construction and maintenance of débris basins 


the area during the n next five 3 years may, according to Mr. Eaton’ exceed 

The writer is thoroughly in accord with most engineers, who agree that 


ai if the mountain water-shed had not been denuded by forest fire, little « or no 
damage would have oceurred in the foot-hill communities of this flood area. ‘1 
It would seem, therefore, that the. possibility ‘of successful suppression n of 
forest fires adjacent to such communities should receive the 


‘primary consideration of engineers interested i in flood and. débris control. 


Similar, fires in the Hollywood Hills have been fought successfully 


the Fire Department of the | City of ‘Los Angeles. R. J. Scott, Chief of the © 
_ Fire Department, has found that, if trained fire fighters, properly equipped, — 


ean reach a a fire within 15 min of its inception, | and ‘if 10 000 gal of water per 
: min can be placed at their disposal for a short time, they can almost invari 


suppress: the fire without serious loss of water- shed cover; whereas with: 


Re out this water available, a loss of hundreds or even | thousands of acres may 
be expected. Table of the paper, shows s that seventeen fires fought, without 
3 the advantage of an 1 adequate water supply, resulted in a loss of 320 400 acres 


water- shed in Los Angeles County, an of 18 900 acres per fire, 


regar 


T9370" 


Following the. La plans and specifications 


__ were prepared for the, construction of a project, under ‘the work relief program, — 
to provide a water system, motorways, firebreaks, trails, and 1 similar f facilities 


) _ necessary for the fire protection of the extremely dangerous wwater- shed a ove 


the communities of Altadena and Pasadena. 
This. the first. unit of a “eomprehensive plan to provide such 


water-shed, to ‘the communities of Altadena, Pasadena, South 


poate Sierra Madre, Arcadia, San ‘Marino, San Gabriel, and Rosemead, 


with a group population of more than 300 
The only feature of the plan, not included i in similar projects now under 


construction (1985), i is the water. system. The ‘quick, “economical delivery of 
large quantities | of water required, "presented many new and unusual 


problems: which “were complicated by the steep grades and topography 
encountered. These: problems were solved, and an adequate water 
system: was designed which would enable fire- fighters to ‘reach. any. ‘point 


the. area with heavy streams of water under gravity pressure, by the extension | 


As designed, ‘the main storage reservoir of the system ‘is located’ above 
es highest point j in the area to be protected, and will have a capacity of 


000 Water will be delivered reser either from a rain- 
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i ee Forestry Departments is thoroughly organized and trained, limited appropr 

> 
_—— 4 tions have prevented the installation of water systems, as well as t 

acquisition of other much needed 
recently, such facilities. have been 


CONTROL PROBLEMS 


= constructed Millard: Canyon, an “adequate, reliable’ ‘stream’ of 


From this reservoir, 6-in. steel pipe lines’ will carry the water down ‘the 
main ridges to eight ‘secondary reservoirs of thie system , which are necessary 
pressure regulation and additional ‘storage. From m these reservoirs, 6, 
and 3-in. pipe lines will extend to ‘roads, trails, ‘motorways, and other ‘strategic 
points throughout the area. One hundred” and fifty fire hydrants, fitted with 
to permit instant connection of either the’ in. hose used by” the 
Forest Service, or or the 23 hose used by" County Fire Departments, will be a 
design will permit full delivery of water from each hydrant, even if 
all the other hydrants of the system are in operation at the same time. a -Suf- fee. 
te water storage is provided ‘to assure an ‘adequate supply for the fight- 
ing of fire throughout the area. At points of unusual hazard, where even a 
city fire stream imight not prove ¢ effective, ‘small monitors or 
‘have been provided to operate under higher pressures and with larger quanti- at 
of water than ‘would otherwise be possible. pe 
a Specifications provide that all reservoirs shall be constructed in 
lined. with reinforced “concrete to prevent leakage, and covered to reduce 


io evaporation; and that all pipe shall be Grade A steel, ‘mill-tasted to 1100 


9 


An area of 1600 acres would be protected i in’ ‘this manner by ‘the Project, 
a ‘all of which is located in ‘the “high risk zone,” where Forest Service officials - 
a expect 90% of all fires to start. The total cost of ‘materials and ‘supplies at 
ae required for the construction of this ‘anit’ of the water system is $69 600. 
Commenting on the project ‘publicly ‘William Mendenhall, Supervisor of 


the Angeles’ National | Forest, stated that with such facilities available, his _ 
would almost guarantee to suppress any fire in t the area with a loss | 
In the higher mountains adja cent to this project, the danger of fire 
started by human carelessness is reduced materially. Tf fires do occur, condi- Ae 
tions such ‘that Forest Servic ce officials ‘Believe smaller quantitie: s of 
water will: be required for their suppression. Consequently, fewer water lines 
‘are’ ‘required in’ these areas 3 of secondary risk, ‘and the cost of the water 
Before the disaster, the Ta Crescenta- Montrose ‘water- shed included | both 
“high” and ‘ ‘secondary” risk A similar water system, designed to 
tect the entire burned area, could have been constructed at any time previous 
the fire, at a cost for materials and supplies of $150 000. The cost of! relief 
labor, o or that of labor by the Civilian Conservation Corps, could not be con- é Fig 
sidered as a true against the project. However, if constructed - by 
contract, the installation of all facilities necessary for fire protection | would — 


not have cost as much as the removal of débris immediately | following ee, 


for débris be "purchased and other 
outlined by Mr. Eaton r the protec- 


protective measures as 
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tion of of communities from in case the water- denuded by 


It. would also ‘seem logical to_ spend an equivalent sum of money 
insure against such a by the of 


later, the will ‘destroyed unless 288 such facilities are 


RW. Davenport,” M. Am. Soo. C. E. (by letter). studying this 


= 


x 


‘pepe, the writer has been interested in examining, rather critically, the 
tion entitled “Flood ‘Hydrograph Determination”, and some of the incidental } 


4 


tit 


7 a Fig. 3 s shows. the run-off for the basin for the years ending September 30, 


1930, ‘plotted against the -Tespective tations: of or 


“area ‘ratio (194.5 ‘sq ‘miles - = 106 sq. miles), and, from 1903 to 1915, the run- 
off was deduced from the record the neighboring San Gabriel Basin. 


These data give the twenty- eight points plotted in the diagram. ban! 


by application of the ‘drainage 


Ib undertaking to express a general relationship between precipitation 
‘and run-off i ina problem of this kind, it is a commonly accepted procedure to 


consider run-off as a residual after: the precipitation has been subjected to. 
losses by evaporation and transpiration, a and possibly other losses, usually of 
ic relatively minor importance. 5 These losses, like the precipitation, are e thus to 
es oe large e extent the resultant of the operation of meteorological agencies, Iti is 


is ce no t practicable, of course, to determine the factor Tepresenting the losses by 


di rect observation, but it may be determined indirectly by subtracting. the 
Revere off of a basin from the precipitation for periods s selected so as to eliminate 
a - or to minimize differences due to changes i in surface or ground- water storage. 
i It is the writer’s observation that for humid regions the factor varies in a 


definite and systematic manner, dependent upon latitude, altitude, 


q 
7 
e, 


temperature, and other regional « characteristics and that from year to yea 
it has an amplitude of variation ‘corresponding roughly to 1 that for precipita- | 


tion. . In arid regions, where the rainfall is insufficient to meet the potential — 


demands of evaporation, transpiration, ¢ etc., the losses, of course, will tend to 
be. smaller and more variable. than in where the rainfall. is ample. 


Table 5 has been examined with ‘regard to the indicated losses from 19 1903 


precipitation, are listed in Table 14 4. Over the period of years” considered, 
these data show a definite tendency for t the losses in the Big Tujunga Basin 7 


to increase, as the increases. 30.1 in, and 


humid region of eimilar - temperature and similar quantities of rainfall. 
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N ovember, 1985. DAVENPORT ON FLOOD AND EROSION ‘CONTROL PROB 
The curve drawn through the plotted points of Fig. 3 takes. an upward 
po. so that for an annual precipitation of 54.6 in. . (index of seasonal oo 


wetness = the losses" would 23.4 in,, for the 


0: TABLE 14, Losses, 


2 


‘Range of Number of years Mean. preci itation, Mean losses, 


jin groups ia® inches inches 


general experience elsewhere, as noted, ‘suggest ‘that the losses: with 65. Bi 


precipitation would be materially more than 18. 1 in. and might well we 


_ assumed to be 27 i in., , or ‘more. ‘This assumption would 1 lead to a reduction of 
| the estimated seasonal run-off for the maximum year from 316700 acre- mm, 
e to probably not more than 250 000 acre-ft. In view of the rather large differ- 


- ence ‘thus ‘obtained, the w: writer would be pleased to have the observations of 
in the forms of hydrograyhs shown min 
Fie. 6, they sé ‘seem to depart from the forms that he would expect 
his experience with comparable streams. . The hydrographs “seem 
show that for four successive days, substantially the « entire run-off from rain- ae 
fall each day cleared the basin within a 24-hr period. General 
a superficial examination of the rainfall and run-off conditions of the 
Tujunga Basin suggest that the run- -off from the rainfall on a given 
4 =. day will continue in substantial, but gradually decreasing, amounts for two 
Bee or three days after the time ‘of maximum flow from that rainfall. Studies of » 
of streams in this respect have been presented by LeRoy K. 
re Sherman, M. Am. Soe. C. E. and Merrill | M. Bernard, M. Am. Soe. | 
Therefore, the writer is considerably interested to whether there are 
- eonditions in the Big Tujunga Basin that warrant the assumption of hydro- ey 
graphs as shown, which are seemingly somewhat at variance with the indica- i 


- The writer has not examined what, if any, difference these considerations _ 


make ‘in the conclusions with to flood flows. In general, 
"momentary peal of 388 cu ft p per sec per sq 1 mile for the Big Tujunga drsin- 
"mate for the peak flow of a rare flood. 


me compilation of data and experience on flood and erosion control prob 
tame in this paper present a most interesting and valuable contribution. | 


“Streamflow from Rainfall by Unit- “Graph Engineering News- Record, 


ww”, Transactions, Am. Soc. C. B., Vol. 
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on 
could , have been set forth in a more 
manner. "The velocity. increases with the drop in the surface from 


the back-water to the flume, ‘whereas the area of the "section decreases 


there is ad drop, there wield be 1 no velocity and | quantity; 3 , and, if. ‘the dre 

is a maximum, there would - -be no area and no quantity. At some aud 

the product of | ‘the velocity and the area is a m maximum. 

For example, in addition to the notation of the. paper, let. p =. the 

lof the sides Z ithe elevation | of the, back-water above the 4 

bottom .of the. flume plus the velocity 

at back-water, minus the friction | 

velocity. head in the flume; ed = the, depth 
the flume = . 2 — Hy (see 


Fig. 11); V. = the. velocity in 


Nors.—The paper by Harold K. Palmer, M. Am. Soc. C. and Fred D. Bowlus, 
Am. Soc. C. E., was published in September, 1935, Proceedings. This discus- 
-sion is printed in: Proceedings in order that the views expressed may be brought —. 


_ all members for further discussion, 


| a” 
= 
— 
—— 
— 
4 
— 
— 
— 
— 
— 
‘throughout the ‘cross-section of the flume 
ae 
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Equation (24), the “quantity ‘in equals zero, conse 


quently, BZ — 3 B Hy - —a=O;thatis: 


For a rectangular flume, 0 and (25) | becomes, Hy = 


For a_ trapezoidal flume, in, which = Equation (25) 


N 


and becomes : 


‘at 


of He for und by (29) in (80) to 
find A; ; and in Equation (23) to find Q. — _ An “approximate expression for 
Q = 3.06 (b 


= 


4 flume, i: in 


33) 
and E 


= for d = 0.75 
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_ and for a maximum value 
= 
= 
uation D) ashy 
Gare 
Be — 
: 
— 
— 
— 
which oc = (2% & Bz). Eanstion (95) a 
— 
‘Finally, it is necessary to find the va — 


‘ROU 
or a circular flume in fact, of any” -eross- section), it 


¥ in w which A is the a nn a of a section of the flume, the death of whi ch is 0. 15 Zz 


a Hunter Rovse,”* Esq. (by lette far as the subject-matter  speci-- 
ae - fied in the title of this paper is concerned, the writer must commend the 
authors: for their able solution of a hydraulic problem. The fact 
is not to be disputed that any appropriate measuring device may be expected 


= ‘to yield satisfactory results once its rating curve has been determined directly _ 
or indirectly by volumetric _ measurement. Hence, the authors were fully 


justified choosing am measuring device which eliminated every possible 
= objectionable feature, in adapting it to the needs of the situation, ‘and then | 


rating it in place through comparison with a device of known characteristics. 


oe Inv view of the accuracy required (an allowable error of perhaps 5%, « or r more), 


. es it was not amiss to apply certain empirical checks upon the characteristics of 
1 flow encountered, and to express t the flow equations i in simplified form through 


_ Approximate methods, however, are truly justifiable only if the investigator — 
realizes the fact that the assumptions made do not fully describe the actual 
state of flow. When the authors claim that their paper ‘ “presents the theoreti- 7 


eal involved” in the performance of the Venturi 


a n. For to, the authors state that “the formulas devel- 
‘oped rine the flume are not empirical but. are based e entirely on theory”, i 


analysis of flow which | they have is the frst Page 


Energy lim wel 


1G. 1 


flow i in long open channels i in which the ‘gradual “change i in surface profile i is 
entirely the result of energy loss, and not of horizontal o or vertical contraction — ‘ 


a, (8 the flow section. Thus, i in Fig. 12 is shown the surface curve in a _ long 
Instr. in Civ. Eng., Columbia Univ., New York, N. Y. 
Received by the Secretary October 28, 1935. 
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channel of mild slope ending in an the specific ener of 


‘and hence, also, the depth of flow, decreasing in the direction of ‘motion 

_ the specific energy must reach a minimum value, for the given rate of dis- 
- charge, i in the vicinity of the fall, in which | region { the depth is equal to the 
eres It must be remembered that such an energy diagram is constructed a 


on m the assumption that the flow every section ‘is so nearly parallel 1 that 
~ accelerative forces can be ignored; that is, the pressure distribution is 


static throughout, so that the | sum of pressure head, and 
2, Must always equal the depth of flow. The 
between tt the energy line and the free surface must, be equal to the velocity 


The for flow through | the ‘Venturi flume, however, are 
practically identical with those ‘used in the customary treatment of the broad- | 


but the ph as 


the: “specific energy. diagram, 
is- 


curve, which considers the 


discharge per unit width : as a fune- 
of the depth for given energy line 
dimensional motion over the broad- weir, 
scharge may then be expresced a: as 


end 


and setting to 


‘© 


aint 


“Obviously, the critical depth, de, - derived by this method must be identica 


with by the authors, although the original "premises are quite 


— 
| 
— 
is the case of two- 
d, the unit — 
| 
29(NVe—d 
—— com 
— 


and will attain its maximum when = te. 
curves: are ‘plotted Fig. 18, the water surface over the. entire length of 


‘the weir coinciding with the point of maximum discharge on the smaller 
‘q-curve. For any other depth of flow the rate of discharge ‘must be less than 


the “maximum on the corresponding as shown in the region of 


ee. As stated by the authors, a single measurement of depth in the throat 
‘suffice for the determination of the discharge under these conditions, 
according to. Equation (37). As. also pointed out by the authors, a definite 


hg relationship 1 must exist between the critical depth and the depth of approach, 
so that once ‘this relationship | is known a single measurement of the latter 


A slightly’ different use bé ‘of ‘the charge curve ‘tn ‘a 
“that is more directly applicable. to the Venturi flume. As suggested to 
‘writer by B. A. Bakhmeteff, M. Am. Soc. ©. E., the surface curve for flow 


center, the total head, and the rate of discharge per unit width, q. If 


angle of | convergence or divergence of the vertical walls is designated by a 
from’ the law of continuity the. total will be: 


~ constant 


the discharge per sil the critical weetion 


hos 


ubstituting (41) and (42) i in Equation (39): 
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any ‘section ‘the ratio of the unit discharge, at t any section to the critical 
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Surface Curve for 
Tranquil F Flow 
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Values of 


BOR 


"08 06 04 15 “25 3.0 


r 

and r = f¢ o flow can occur ‘the assumed conditions, this. ‘region 


being as a “singular” zone which does not belong 


“to the region in which the function is continuous. to 
These relationships may be applied. to the Venturi flume having vertical 


contractions assuming, as in ‘the: case of the broad- crested weir; thint 


3 
fies 


the critical o occurs over the entire parallel section of the throat. 


‘arbitr arily the throat proportions shown in Fig. 15, this method would yield 
‘the’ profile given in ‘illustration. “Tt is clear, 


Pd 


that the h jump may form at any 8 


£5 
ae 
eurves shown in Fi 
| 
— 
= 
— 
= 
—— 
ction beyond the throat, 1 » 
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: ‘Thus, the F Froude identical with ] Bakhmeteft’s Ps kine flow a 


than unity before the can form. The curve of dis also shown 


‘It should be apparent that a single ‘Measurement of ‘the depth 


approach channel would suffice to determine the rate of discharge, rela- 
tionship between ‘the depth at this point and the magnitude of being given 
by Equation (43). Although this ‘method has been applied only to straight 

contractions i ‘the horizontal plane, a slight modification would permit 
simultaneous treatment of the vertical contraction of the lower boundary 
a ; even a study of any curvature of the converging and diverging boundaries. — 


It is presumed, however, that the foregoing example will suffice to yr 


of and of at that of course, must have a value greater 


Although this procedure is. fully as ‘justifiable as the customary elementary 


an telnet of flow over the broad- -crested weir, the resulting picture of flow in 


the throat region to say the least, quite hypothetical. Actually, neither 
of the two 0 basic assumptions ‘made i is completely fulfilled in the case of oo 
errors are by this. elementary 


rate which — 
the discharge through a given flume or over a given weir, At any given 

discharge, the longer the m meter the greater” will be the diser pancy j 

head b between the channel of approach the critical region. _ Since 


- 


energy line slopes, there can really be no critical ‘ ‘region” > but only a critical a 
section ; and according to the energy diagram, which must now be used in 


addition to the q- -curve, this section” should be near the end of 

9—The flow is x not even parallel if the e racted s 

is short, and hence the ‘calculations based ‘upon : assumed static pressure ‘dis- 

tribution « cannot be correct. _ The shorter 1 the contraction the ‘greater will 


bai 


the error “introduced by this assumption. . If parallel flow does_ not exist, 
surely the expression critical depth based on this assumption cannot 


Be apply. ~ ‘Thus, the authors’ statement that the sharp- crested weir is a “control - 


section through which ° water flows at critical depth” is a fallacy, since the — 
sharp-crested weir the shortest possible contraction one can imagine and 


hence involves an extreme degree of departure from the basic assumption 
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n order to clarify the error by this assumption, the 


region of the fall shown in distorted scale in Fig. 12. If the length scale ey 


1s proportion to the vertical scale, the profile of flow will: be 


4 


in 1 the 


the will | no be statically distributed, ‘and the pressure 
will be less than the depth below the free surface by an amount depend- 


ing upon the elevation and curvature of the e filaments. = Although the , computed 
critical: depth for parallel flow may still be found some distance up stream 


_ from the fall (a distance varying with the unit discharge, with the e slope 
ao and roughness of the channel, and with the degree of "ventilation of ‘the space 
below the nappe), the fact that the energy line still slopes signifies ‘that the 


critical is, minimum -energy—exists the fall 


of critical ‘under ‘conditions of n non- n-static pressure distribution, has. “not 

+ a The : situation at the free over-fall i is closely parallel with that at the end 


of a broad-crested weir and is also an indication of what may be expected 


in the ‘Venturi flume. Furthermore, convergence of the 
between the channel of and ‘the contracted section itself introduces 


region of curvilinear flow which by no “means can be neglected. 
e the meter is short these two transition regions partly overlap 80 that at ‘no 


point throughout the contraction ¢ can ‘parallel flow be assumed to. exist. 4 
the meter is long, reaction waves are likely to occur over the entire 


the. contracted section, 1 thereby introducing further curvature ¢ of the 


4 int These ‘two basic fallacies in the customary elementary 
ne 


— 
4 

NY 
Be 
| 
ef 
By — 

i= 
a 
| 
— 
— 

é 
§ 
h 

id 
— 
— 

_ ‘mate analysis, for it is almost impossible to devise a ‘meter which, for a 
large discharge range, will be both short enough to make energy loss 
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ng to insure nearly flow at: some 
section of the contraction. Not only will the true relationship between the 


Ba -aétual depth of approach and the theoretical critical depth have to be deter-_ 
mined by. laboratory or field calibration, but the critical section for parallel 
flow—if it exists at all—will shift in 1 position along the crest or throat with 


tual surface profile i in a meter similar to that shown in Fig. 15° 


may be approximated by sketching in by eye a smooth reverse curve connect- a 


ing the two computed portions, as shown. _ Obviously, no one. profile can be 
established which will hold for every discharge, for the section at which this 
_ surface line intersects the line of critical depth for parallel flow will move _ 


in one direction or the other as the discharge v varies. Its form will ‘depend 
of the meter and the slope of the « energy line, each 
change wit h the e depth o 1€ 


an “illustration of the 
actual “energy distribution in 
the throat of the ‘meter, refer- 
8 ence is. ‘made to Fig. in 
oa whi ch it is assumed, the 


this seetion’ happens to be ex- 
actly equal to the computed 
critieal depth, this really has 
coi, no significance ‘whatsoever, s 
fo. the pressure distribution is not 
Sips press static; on the contrary, the 


% above the is considerably less than the q 


aes the free surface, as a result of | the vertical acceleration | of the fluid 


“73 


this section. Although the average velocity of flow. 


ig 


+ 

from the at’ Sontinulty; is commonly used 


n the Bernoulli “theorem , the latter ‘may be written properly | only in terms 


of the velocity vector, v, at any point and not its component, ve, in the direc- 
- “tion of flow; thus the true velocity head at ‘any elevation, for the ‘conditions - 


hown, everywhere greater than ‘the assumed mean value, with: the ‘sole 


xception of the point at the water surface itself. In general, it may be said 


in ‘curviline ar flow both — d + will 80 the 
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form of the Bernoulli must be the following: 
foregoing - discrepancies in th ions: traditionally made in 


» dealing with st such basic types of flow » there n ‘must. be added further errors — 
arising from variation in total head from floor to surface; from additional 
urvature due to vertical as well as. horizontal contraction ; ; from | separation 
change of actual flow section) and eddy formation due to abrupt inlet and 


xcessive ‘angle of divergence; and; finally, from partial drowning of the 


throat because of back- water. Even ‘if many of these difficulties could be 
avoided through the use of a . carefully constructed flume, attempts to produce 
a “critical- -depth” meter of this kind with a constant theoretical coefficien 
‘under all passable discharges are quite futile; no meter of this type will yield 

flow that is dynamically similar under ‘different heads, for geometrical 
relationship of the meter profile, surface and enerey line cannot 

an attempt, is made to ‘the state of flow, as 
‘tale by the authors, it is impossible. to remain content with approximate “ll 
methods ; it is not at justifiable to claim theoretical complete- 


refinement is quite needless; but. if hydrauliciany intend to 
_ Venturi flume in the future for more fundamental research, it is to be hoped 


that’ they will not follow blindly ‘such ‘approximate and paths. 


One must conclude from these pages that the- simple methods of 


attack are. without value. On the the. fll ‘the 


A 
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experimental work is indicated by their practice of measuring static pressure 
igh 
iy 
| 
. Be the Boussinesq number would not have appeared in hydraulic literature on ~~ :. 
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STABILIZING 43 CONSTRUCTED MASONRY DAMS 


MEANS OF CEMENT INJECTIONS 


ott Janes B, Hays, M. AM. Soc. C. E. 


JAMES B. Hays,’ AM. Soc. C. E. letter)."—This is an unusually 

r and detailed exposition of the general subject of grouting. . The author — 

_ has given, or outlined, a routine to follow in. grouting that will apply » to most _ 
‘2 conditions, particularly in foundation work. . Variations in the behavior of 
different holes develop almost immediately | since no two holes are alike. 
operator or engineer must “feel” his way, depending on the pressure developed — 

and the rate of flow of the grout . which can be varied by changing s the n mixture. | 

Equipment for grouting has been developed gradually from makeshift 

“apparatus into machinery specially suited for the work. Pumping grout. has 
< _ generally replaced the practice of forcing it in by compressed air. Engineers | 

operators who have worked with both ‘systems prefer the continuous 
and positive drive as given by the pump, rather than’ the intermittent 

method with the possible danger of getting air into the hole. Mr. Cole has — 7 

given an excellent description of the equipment, but the writer Tike 


know more about the Pistons" and cylinder liners. ad 99 “Ova 


regular cements are the most generally used, the writer, after _ 
handling approximately 40 000 bags of cement screened through a No. 200 4 


screen, is inclined to think ‘that it has some - -advantages, one of which | is. that = 
he cement remains in suspension for a longer time and does not clog fittings — 


quickly. Certainly, small racks and seams are more likely to be grouted 


€ 4 
with the coarse particles removed than if they are left in or, to carry it a step a 


| 


~ 


further, if ‘sand is added. is ‘strongly opposed to the use sand 7 


Nore. —The paper by D. W. Cole, M. Am. ‘Soe. C. E., was published in February, 1935, 

_ Proceedings. Discussion on the paper has appeared in Proceedings, as follows: August, 
1935, by Messrs. Oren Reed, F. F. Fergusson, and Joseph Wright; September, 1935, by 

Charles W. Comstock, M. Am. Soe. C. E.; ; and October, by L. Assoc. M. 


U. Bureau of Reclamation, Denver, Colo. 


Received by the Secretary 16. 1935 
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are 


tion. Many grouting ng jobs have been only partly done by the inclusion of sand. 
Whe: the top. of a -concrete- lined tunnel is filled, as sand in | the grout, it 


a bond the particles: together. Instead, it will be found ina porous condi- ae 


yriter would that grout is used % test 


made using the proposed mix. Naturally, very fine sands will ‘remain in 


In the case cited by the author the leaks were. low down, and the sand ~ 


ould be depende d upon to settle to the low point. If leaks are “higher, or 
water, is washing grout away as fast as it is pumped in, a floating substance 
_ such as ‘sawdust often does the work of stopping the leak. _ Rolled oats, bran 
feed), and other substances can be used until the Teak stopped, 
which straight. cement is used to the ‘point of refusal, be 
When leaks are on the surface and are known | in ‘advance, the writer has 


ao found it convenient to patch a considerable part of ‘the | leak before grouting 


is Sie small outlets at for the « escape of 


cause tl e the mix to set. _ Where cracks | are wide, are caulked 


oakum, lead wool, or other material first, after which a quick-s -setting cement 
mixture is applied as soon as the leaks appear. 
It is convenient, a widespread practice, designate they 
ures by the water- cement ratio (by volume). “ae water meter reading directly 


n cubic feet is useful for this purpose. Cement is generally handled and 


cement, and the water ¢ can be metered any y fraction of a ‘eubie 
Ordinarily, the writer favors isolated gr grouting ‘and would. prefer to drill 


% a hole and grout } it before the other holes i in the ‘vicinity were drilled. Usually, 


he specifications ‘require that, when grout leaks’ through adjacent open holes, 
_ they be capped and also that the capped hole be grouted as soon as possible. 


_ The writer has seen grout leak from several holes, and it was absolutely impos- 
sible to start grout | into any of the leaking holes before the cement had begun 

t. As a consequence, the entire area was only partly grouted. Filling 
group of holes simultaneously i is not satisfactory : since each hole yesh grout at 
different pressures and each may require a different mixture. — However, the 


writer w wonders what the difference is ; between, : say, four 25-ft holes ‘and one x 
100-ft hole. of the 25-ft holes would take ‘grout differently and, certainly, 


each 25-ft section of the 100-ft hole has | different characteristics. | This i is an 
argument for ‘ ‘stage” grouting as well as for ‘drilling single holes and grouting 

them before other near- -by holes are drilled. ‘Then, ‘again, there ¢ are exceptions ae 


sat If the nature of the rock i is such ‘that there are seams s carrying a material 
t could be washed out and seplaced with ‘grout, it would probably be advis- 


November, 
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ort order. Various materials are used in patching, such as wedges, oakum, 
§ strips of cloth, lead wool, and quick-setting cements. The writer has had §§ | 7m 
_&__better results with a quick-setting cement mixed so as to give a flash set, and ee i a 
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ar. Tf tested’ a again the 
would be found as dirty a as ever. After several days ‘of this 
experience, the holes were: grouted regardless. ‘The theory was that the 


was tight ‘and solid in the joint and would resist leakage from the reservoir. a 


This dam was completed in 1930 and five years later there was no increase — 4 
writer has ‘grouted more than hole at the same time where under-- 


vex 


iy ground connections required that it be done, by feeding ' small batches to ech 


hole in turn, rotating from hole to until all “were grouted to 


It can be compared with the intermittent batch system 
that has largely been sbandoniad: - Considerable pains must be taken to obtain 


the proper mixture in ‘each hole where variations in the mix are ‘required. cg a * 
‘The description of the author’s experience using the “lubrication” 
and ‘the chemical grouting is appreciated, It would seem that every 
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aie 
of “te agin “results pertaining to determination 


» of the length of | a hydraulic jump is presented in this paper. The actual 
s depths of flow varied from 2 0.032 ft to 0. 253 ft and the corresponding engths- 
- of the jump, from 1.62 ft (average ¢ of the values in Table 1) to 2.50 ft. 


fy Two questions arose in the writer’s mind relative to these @ experiments. 


The the experiments with small de pths ‘and volumes, apply 


non is The factors may the air entrained in water 


Another question was whether it is ‘correct. ‘to > as 
length of a jump—the length of its top r roller, which ordinarily is ie 
than the length of the transition from one stage to another. For the most — 
part, the surface curve of this transition i is concave upward and ‘only near 
a the conjugate depth, ds, does it acquire a sharp curvature -concaved down- 


ward. ‘This indicates that the velocities of a high order : ‘may occur farther 


_ Norr.—The paper by Boris A. Bakhmeteff, M. Am. Soc. C. E., and Arthur BE. Matzke, 


- Jun. Am. Soc. C. E., was published in February, 1935, Proceedings. Discussion on this 


_ May, 1935, by Messrs. Sherman W. Woodward, Robert E. Kennedy, L. Standish Hall, and 
_ Morrough P. O’Brien; August, 1935, by Messrs. F. V. A. B. Engels, Baldwin W. Woods. 
and J. C. Stevens; and September, 1935, by Messrs. Nolan Page, Andrei I. “Ivanchenko. 
Senior Engr. of Hydr. ‘Desig State Dept of Publi 
Sia Received by the Secretary October 14, 1935. 
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cannot be estimated with a reasonable degree of accuracy. It appears that 
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off losses occurring, in the top ‘roller’ 


Sie the limits, 1 5 to 5 and 
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and plotted on the aforementioned curve. 
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